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Restricted Rights Legend
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‘ 82C481

True Color Graphics Accelerator

B Accelerates Windows environments and CAD B Support for IM VRAMSs at a wide variety of

applications resolutions and color depths:
] Drawing engine support for 16, 24 and 32bpp 256Kx4 VRAM M 2M 4M
operations 512x512x32bpp v v 7
B Hardware Graphics Functions: 640x480x16bpp e v v/
- BitBlt » Polygon Fill 640x480x32bpp v/
» Line Draw » Pattern Fill ' 1024x768x8bpp 4 / v/
« Color Mixing + Scissoring 1024x768x16bpp v 7/
W Tight led to the Brookiree Bt484/Bt485 o 1024x768x24bpp ’
ightly coupled to the Brooktree Bt4§ 1280x1024x4b o/
Color Palette DAC x 16bpp v/

B Zero Wait State operation for system memo

screen memory BitBlts onssupported up to 2048x2048x8bpp

terlaced or non-interlaced) with video
rates pto 400 MHz

gle Chip Solution: 16C-Pin Plastic Flatpack

ully Backwards Compatible with IBM®
8514/A at register level

B Low-Power CMOS process

H Integrated graphics accelerator solutioniréqui
only 6 standard TTL components pl
nnplement a 1M video subsystem_

CLKSEL2:0. T
______ Dual Programmable
I" EPROM : MCLK el Clock Synthesizer
|
-—f-——— |:|: PCLK
N\ tl y 7\
A23:0 S iy SxD R
Ag:Q | 256Kx4 || i L Multiplexing |——
5 (oo | oo SCLKn, RAMDAC | S
3 | gt—Control_| . 3|> (100ns) SOEn with B o
E BL ANK/, VGA [
£ 82C481 | BLANK/, Control | r— LCLK Port g
= ‘ Graphics ‘ Bt435 2
g Accelerator |  PALRD/, PALWR/, FRAME o| TLC31075 g
o e - SENSE or equivalent) >
\_/ by MS2:0 A A)
7405245 HSYNC, VSYNC -
A Al5:14, A1:0 W,
D7:0
VHSYNC, VVSYNC VPCLK, VBLANK/] |vP7:0
. C VGA Video )
82C481 System Block Diagram
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Revision History
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Introduction

The 82C481 True Color Graphics Accelerator
provides optimum performance and support for 16,
24, and 32 bit per pixel (bpp) modes in Windows
environments and CAD applications. The 82C481
provides memory interface logic, video control
logic, and interface logic to the ISA (PC/AT™) Bus,
EISA Bus, and Micro Channel (MC).

The 82C481 has a dedicated hardware drawing
engine which supports a wide range of pixel color
depths. The drawing cngine is optimized to accel-
erate functions most commonly used in a Windows
evironment at all color depths. This includes BitBlt,
Rectangle and Line Drawing functions with Raster
Ops. It also supports a variety of monochrome to
color expansion schemes used for pattern fill and’
text generation. The 82C481 is designed for easy’
integration with high color RAMDAC:s. :

The 82C481 can support a wide range o
configurations. The minimum uscf

VGA

T-52-33-45

Introduction

minimum of 1MByte to support 16, 24, and 32bpp
modes.

The 82C481 supports the following modes selectable
via software:

* VGA mode (pass through video from VGA
subsystem)

» Graphics Accelerator or Advanced Function
Mode (video from 82C481 frame buffer)

The 82C481 defaults to VGA mode on reset. In the
“Advanced Function mode, the 82C481 supports high
“resolutions and color depths. Custom software
ivers enable accelerator hardware functions such as
E 'B1tBlt line drawing, polygon fill, patterns, raster
mdiscissoring (post-clipping).

it for the 82C481 is provided via
echnologies supplied drivers for major
> applications. All software which supports
M 8514/A will also support a compatible
481 implementation.

Softwar su

Memory
Y
Address| :Data
HSync,VSync _
VGA
<= Controller| __ VGA pixel data, VGA [RGB VG4
Blank > RAMDAC % (secondary)
monitor
pcBus | o
Interface
VGA Pass through data
82C481 HSync,VSync >
=P Graphics /
Accelator |  Control Signals RG.B
Address lData Blank Contl:ol » RAMDAC _:_,+ Display
A Logic
Video Pixel | [(82B484)
Memory Data

VGA

/ 82C481 Pass -Through Interface
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BIT-BLOCK TRANSFER (BITBLT)

The 82C481 uses an internal 320 bit register file for
BitBlts (8 words x 32/40 bits). This allows reading
a block of pixels in page mode, then writing it using
page mode write or RMW cycles. The 82C481 has a
32/40-bit internal data path, and its fast clock rate
results in optimum BitBlt performance. Bitblts can
be performed on pixels up to 32-bits deep.

LINE DRAW

Line draw functions (straight lines only) are handled
in hardware by the 82C481 chip. Arcs, circles, and
other higher-level shapes must be decomposed to a
series of short straight-line segments. The 82C481
uses the Bresenham algorithm for drawing arbitrary
line segments. For vector drawing along a 45° axis,
two faster line drawing mechanisms are supported.
Short lines (of length 16 or less) can be generated in.
a pen-plotter format, two strokes per command:
Long lines require four commands per strok ‘
drawing is supported at all pixel depths. ‘

VRAM INTERFACE

The 82C481 supports (256Kx4) a
VR AMs allowing a low cost, low chip=cousi
mentation. The 82C481 can also perfom

Write cycles if the VRAMS support this featute. __Thé

82C481 supports a fast memory clock (u
MHz) to maximize use of VRAM bandwidth

The 82C481 supports seven memory cyc
Read (page mode)

Write (page mode)
Read-Modify-Write (page mode)
RAS-only refresh

Data Transfer Cycle

Color Register Set Cycle (optional)
Flash Write Cycle (optional)

N D A W =

PERFORMANCE

The 82C481 provides up to 2 times the performance
of the IBM XGA hardware at standard resolutions
and color depths. Projected performance for major
graphics operations are listed below (MB/s = million
bytes per second):

Introduction
T-52-33-45
IBM Relative
Function 82C481 XGA Performance

Clear (Flash) 0.5 ms 30 ms 60x
Horizontal

Solid Line 240 MB/s 8MB/s 3x
Rectangle FilL 42 MB/s 24 MB/s 1.75x
BitBIt 18.0 MB/s 9.0 MB/s 2x

VIDEO SUBSYSTEM TOTAL CHIP COUNT

Using the 82C481, a complete 16-bit video acceler-
ator subsystem can be built with just 9 ICs including
display memory, as shown in the table below:

Qty Chip Type

82C481 True Color Graphics Accelerator
- 7418245 Transceivers

ditional components required would be the
82C404 Programmable Clock Synthesizer, 15-pin

" video connector, and various resistors and capac-

itors. The indicated configuration (4 256K x 4
VRAM's) supports 640x480 non-interlaced 16-color
and 256-color modes, and 1024x768 interlaced
(44.900 MHz.) and non-interlaced (75.000 MHz.)
16-color mode.

Adding 256-color support for 1024x768 would
require four additional 256Kx4 VRAM chips (for a
total of 8 256K x 4 VRAM's). This would also
support 1280x1024 16-color mode if the appropriate
RAMDAC is used.

For high resolution/true color support, a high perfor-
mance RAMDAC™ can be used. The parts count
varies with implementation but a typical list is shown
below:

Qty Chip Type
1 82C481 True Color Graphics Accelerator
2  74LS24S5 Transceivers
1 Bt484 RAMDAC™ or TLC34075 Palette DAC
8 256Kx4 VRAM (16 for 2MByte depth)
6 Standard 74F and 74LS TTL devices

18 Total

Revision 0.3
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Additional components required would be the
82C404 Programmable Clock Synthesizer, 15-pin
video connector, and various resistors and capac-
itors. The indicated configuration (8 256K x 4
VRAM's) supports 512 x 512 x 32bpp, 640 x 480 x
16bpp, 1024 x 768 x 8bpp and 1280 x 1024 x 4bpp
all at non-interlaced frequencies. If 2MBytes (16
256Kx4 VRAMs) are implemented, the resolutions
supported are 1280 x 1024 x 8bpp, 1024 x 768 x
16bpp, and 640 x 480 x 32bpp.

If a 'Power-On-Self -Test' (POST) ROM is imple-
mented in a Micro Channel bus configuration, two
additional 8-bit address latches (74L.S373 or equiva-
lent) are required.

BUS INTERFACE
The 82C481 allows selection of either EISA/ISA

(PC/AT), UISA (PC/AT), or MC (Micro Channel)

Bus Interface by detecting strapping options durin,
reset. All control signals for both interface types a
integrated on chip.

The 82C481 supports both 8-bit and 16
interfaces.

EXTERNAL COLOR PALETTE

The 82C481 supports the progranimi
external color palette DAC (RAMDAC) by:ide
the CPU addresses and generating the read and w,
signals for the external palette.

Normally, each RAMDAC analog output provides 6-
bit resolution (64 shades of color on é&igh-of the
analog R, G, and B outputs). However;”
several general purpose output pins provided by the
82C481 may be used for selecting 8-bit-per-color
mode for the DAC.

ROM INTERFACE

The 82C481 supports an optional 8-bit ROM for
Power-On-Self-Test (POST) code which may be
implemented in AT-bus systems without using addi-

ecodipgé

T-52-33-45

EXTENSIONS AND EXTENDED REGISTERS

The 82C481 chip provides advanced modes of oper-
ation. These advanced features are controlled via
bits in extension registers.

The 82C481 registers are virtually all readable. This
improves the testability of the chip and simplifies
state saving.

MONITOR SUPPORT
The 82C481 supports the following analog monitors:
» IBM Monochrome Display 8503 or compatible

« IBM High Resolution Monochrome Display
8507 or compatible

.. » IBM Color Display 8512 or compatible
IBM Color Display 8513 or compatible

onitors supporting high resolution
‘8515, or compatible)

M 8514
tisync and compatible monitors

Any interlaced or non-interlaced monitor with a
resolution of up to 2560x2048 and supporting
video rates of up to 400 MHz

~ TEXT AND ALPHANUMERIC SUPPORT

The 82C481 chip does not support a separate text
mode in hardware. Text display is supported via
graphics modes, so text may be any size.

PACKAGE

The 82C4381 is available in a 160-pin plastic flat pack
(PFP).

Complete descriptions of all 82C481 pins are
included in this document starting on the next page.
The pins are separated into the following logical
groups for discussion: Bus Interface, Display
memory, Video, Clock, Power, and Ground.

tional external components except the ROM chip. 82C481 Pin Usage Summary
The ROM address is decoded and the ROMCS/ pin
is asserted to enable ROM data onto the data bus. A _ Bus Interface: 5f5
16-bit ROM may be implemented with two ROM Display Memory: 62
chips and one additional external PAL. Comrol/%t%tg(s): 14'5
ideo: :

Video initialization code and support functions may Clock: 2
be included in the POST ROM, incorporated into the Power: 7
system BIOS, loaded from disk at system initializa- Ground: 14
tion as a TSR, or incorporated directly into drivers.

Total: 160
Revision 0.3 7 Advance Product Information 82C481
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Included at the end of this document are schematic
examples of the following:

1. 8/16-bit ISA (PC/AT) Bus Interface
16-bit Micro Channel (MC) Bus Interface

2. Memory Interfacing (40-bit Configuration A)
Memory Interfacing (80-bit Configuration B)

3. Video/Clock Logic (82B484 - BT475/477)
Video/Clock Logic (82B484 - BT475/477)

Video/Clock Logic (BT484)
Video/Clock Logic (TLC34075)
Revision 0.3 8 Advance Product Information 82C481
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Pin List
Pin Name Pin # Pin Name Pin # Pin Name Pin #
AEN 16 GND 42 P2D5 144
AF 93 GND 79 P2D6 143
A0 46 GND 80 P2D7 142
Al 47 GND 101 P3DO0 137
A2 48 GND 107 P3DI 136
A3 49 GND 121 P3D2 135
A4 50 GND 122 P3D3 134
A5 51 GND 139 P3D4 133
A6 52 GND 141 P3D5 132
A7 53 GND 159 P3D6 131
5
A10 56 F{NEFRAME 13‘6‘ P4D1 127
All 57 P4AD2 126
Al2 58 HYSNC P4D3 125
Al3 59 10CS16/ P4D4 124
Ald 60 IORD/ P4D5 123
AlS 61 IOWR/ PADG 119
Al6 63 IRQ PAD7 118
Al7 64 ISA/. RAS/ 106
INT: 65
RDHY/ 2
A19 66
RDLO/ 31
A20 67
RDY 13
A2l 68 RESET 15
A22 69 RESOUT/ 78
AZ3 70 RESH/ 14
BHE/ 13 ROMCS/ 77
BLANK o ROMPOT i
CASO/ 08
CASO1/ 87 ROMPG2 76
CAS1/ 99 SENSE 73
CAS2/ 102 vee |
CAS3/ 103
VCC 20
CSELO 97
VCC 40
CSEL1 9% ye& 4
CSEL2 95 v 8
DTOF/ 105 VCC 100
DO 39 9 VCC 120
D1 38 POD2 8 VCC 140
D2 37 POD3 7 VHSYNC 92
D3 36 POD4 6 VSYNC 80
D4 5 PODS 5 VVSYNC 91
D POD6 4
D6 33 POD7 3 WEY 2
WEOA/ 85
D7 32 P1DO 158
WE1/ 150
D8 30 PIDI 157 WELAf e
D9 29 PID2 156
WE2/ 138
D10 28 PID3 155
WE2A/ 127
DIl 27 P1D4 154
WE3/ 129
DI2 26 PIDS 153
DI3 25 P1D6 152 %?f‘/ 128
D14 24 P1D7 151
DI5 23 P2D0 149 8BITDAC 82
P2DI 148
GND 11 P2D2 147
GND 21 P2D3 146
P2D4 145
Revision 0.3 10 Advance Product Information 82C481
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"\ n ' r : Pin Descriptions
. PIN DESCRIPTIONS System Bus Interface
T-52-33-45
Pin# Pin Name Type Active Description

23 D15 /O High  System Upper Data Bus

24 D14 I/O High

25 D13 1/0 High  All byte steering is done internally, so the 82C481 may

26 D12 /O High be used without data transceivers in motherboard

27 D11 I/0 High applications; 74LS245 or equivalent transceivers are

28 D10 1/O High recommended for adapter cards to meet the 24 mA drive

29 D9 1/0 High requirement.

30 D8 /O High

32 D7 110 High  System Lower Data Bus

33 D6 i

34 D5

35 D4

36 D3

37 D2

38 D1

39 DO

70 A23

69 A22

68 A21

67 A20

66 Al9
' 65  AlS MC designs, connect A23:0 to A23:0. In ISA

64 Al7 PC/AT) Bus designs, connect A19:0 to SA19:0 and

63 Al6 A23:20 to ground. In UISA designs, connect A16:0 to

61 AlS SA16:0, and A23:17 to LA23:17.

60 Al4

59 A13 In MC designs, A14:0 must be latched externally by

58 Al2 ADL/ or CMD/ for the ROM. In ISA bus designs, the

57 All address inputs need not be latched.

56 Al0

55 A9

54 A8

53 A7

52 A6

51 A5

50 Ad

49 A3

48 A2

47 Al

46 A0
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b Pin Descriptions
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T-52-33-45
PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

72 ISA/ [SETUP/] (ALE) In

The state of this pin during reset, in combination with
pin 95 (CSEL2) determines the bus conﬁgurauon for
the 82C481.

ISA/ CSEL2 Bus Type

0 0 Unlatched ISA (UISA)

0 1 ISA (82C480 compatible)

1 0 Unlatched ISA (UISA)

1 1 MicroChannel (82C480 compatible)

This pin may be tied to ground or RESOUT/ in ISA Bus
conﬁguranons In UISA bus configurations, this pin
d be connected to BALE. The MC interface also

":"drlves this pin to select the 82C481 dunng POS (if

15 RESET

78 RESOUT/

=SOUT/is an inverted and delayed RESET. It is used
able external tristate buffers required to drive pro-
ramming options on the 82C481 pins; these options

are latched on the falling edge of RESET. RESOUT/ is

guaranteed to stay low long enough to meet the hold
time requirement from RESET for any programmmg
option. Some options, such as on the MA8 pin, may be
driven by RESOUT/ directly.

13 BHE/ In

Byte High Enable. Low indicates that the high order
byte at the current word address is being accessed.
Along with A0, indicates which bytes are transferred
over the bus (all byte steering is done internally):

BHE/ A0 Effect

0 0 BothbytesonD15:0 (16-bit slot only)
0 1 HighbyteonD15:8  (16-bit slot only)
1 0 Low byte on D7:0 (8- or 16-bit slot)
1 1  High byte on D7:0 (8-bit slot only)

The 82C481 configures itself to 8- or 16-bit slots.
BHE/ is located on the 16-bit bus extension in PC/AT
systems, so BHE/ has an internal pullup to hold it
inactive in case the card is installed in an 8-bit slot.

Note: Performance is greatly reduced when operating
in an 8-bit ISA slot due to the length of 8-bit ISA
bus cycles. The 82C481 will not function
correctly in an 8-bit slot when a UISA bus
interface is used.

Revision 0.3
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Pin Descriptions

. PIN DESCRIPTIONS

1-52-33-45
System Bus Interface

Pin# Pin Name

Type

Active

Description

22
31

RDHY/
RDLO/

Tri-O
Tri-O

Low
Low

Direction control for high and low external data bus
transceivers. These outputs are tristate when RESET is
active. Internal pullups to prevernt driving the bus.

0 = Read data from 82C481
1 = Write data into 82C481

71 MEMW/ [MADE24][QF] I/O

Both

For UISA designs as in all 82C480 ISA designs, this
pin should be connected to MEMW/. For compatibility
with 82C480 designs this pin is tristate after reset. In
ISA (PC/AT) bus interface, this pin is actually unused
and does not have to be connected. In UISA designs it
indicates a memory write cycle.

+ISA designs implementing a local display list
is pin.cén be used to indicate that the queue

rface, MADE24=1 indicates only 24 bits of
¢ being decoded; the 82C481 will not
0 any cycle in MC mode unless this pin is
:MADE24 may also be used as an active-high chip
select to decode 32-bit addresses.

17 MEMR/ [CMDY/]

‘In MC, indicates a command cycle (valid data on the
bus). It is driven by CMDY from the MC bus. In ISA
bus, indicates a memory read cycle. This signal is used
to decode ROMCS/ accesses as well as PIX_TRANS
accesses in UISA mode.
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CHIFS Pin Descriptons
T-52-33-45
PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

19 IOWR/ [SO/] In Low InISA (PC/AT) bus interface, indicates an I/O Write
cycle. In MC bus interfaces, indicates Status bit 0

(S0/).
18 IORD/ [S1/] In Low In ISA (PC/AT) bus interface, indicates an I/O Read

cycle. In MC bus interfaces, indicates Status bit 1
(S1/).

16 AEN [MIO/] In Both InISA (PC/AT) bus interface, defines valid I/O address:
0 = Valid I/O address, 1 = Invalid I/O address (DMA
cycle). If single-cycle DMA is used, memory addresses
will be on the bus at the same time that IORD/ or IOWR/
sisiacve. The 82C481 will not respond to IORD/ or
i 1. In MC bus interface, indicates
.1 = memory cycle, 0 = 1/O cycle.
Cycle Type
-reserved-
I/O Read
: I/O Write
1 -reserved-
0 -reserved-
0 Memory Read
1 Memory Write
1 -reserved-
14 RFSH/ Active low signal indicating Refresh cycle. When this
pin is low, the chip is not accessible to memory cycles.
43 RDY Tri-O High Ready. Driven low to indicate that the current cycle

should be extended with wait states. Driven high at the
end of cycle to indicate 'ready’, then tristated. This
signal is normally tristated. It is driven low to insert the
necessary wait states if the §2C481 cannot respond
immediately to memory or I/O requests (eg. ROM
memory cycles in MC). Another way to look at this pin
is as an active-low wait-state request line, rather than as
an active-high ready line. This signal remains tristated
for all accesses to the VGA palette registers (03C6h-
03C9%h) even if EC1[15]=1. In that case it relies on the
VGA in the system (o generate ‘ready’.
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\ n l r: Pin Descriptions

. T-52-33-45
PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description
44 MEM16/ [CSFB/] Tri-O Low  InISA (PC/AT) bus configurations, this pin is currently

unused. For future compatibility, this pin should be
connected to MEMCS16/. In UISA bus configurations
this pin indicates a 16-bit memory access.

In MC bus configurations, this pin is called 'Card Select
Feedback'; it indicates any valid access to the 82C481.
It is an unlatched decode of A23:0, MIO/, and
MADE?24.

12

IOCS16/ [DS16/] Ti-O  Low In ISA (PC/AT) bus interface, indicates 16-bit I/O
cycle. In MC Interface, indicates 16-bit Memory or I/O
cycle. Asserted by the 82C481 to indicate that the chip

yable of transferring 16 bits over the bus at the

-In the MC bus, DS16/ is active for

x$:except those to the RAMDAC,

45

IRQ [IRQ/1(OWS/) T

In“the | PC/AT) bus, this pin is tristated when
terruptsare not enabled, low when interrupts are
enabléd:but no interrupt is pending, and high when
interrupts are enabled and an interrupt is pending.
#the’MC bus, this pin functions as an active-low open-
llector output. The interrupt request pin is normally
nnected to IRQ9. IRQY/ may be shared by multiple
controllers on the MCA bus; in the ISA bus, only one
controller at a ime may have IRQ9 enabled.
In the UISA bus, this pin functions the same as in ISA
mode unless ZWS ECO[8]=1 indicating connection to
OWS/. When ZWS is enabled no interrupts are
generated externally. Active low zero wait state cycle
requests are generated for memory-mapped (EC0{2:0))
accesses to PIX_TRANS when the queue is not full (or
when data is ready for PIX_TRANS MEMR/ cycles).

77

ROMCS/ [POSEN/] I/O Low  In ISA (PC/AT) bus configurations, this pin indicates
access to ROM space. In MC configurations, this pin
indicates access to ROM space or to the POS ID
registers (I/O address 100-101h and SETUP/ active).
In 82C481-based designs with ROM, the POS registers
map into the ROM. In systems without ROM, the same
information may be provided from external TTL drivers
activated by AQ and POSENY/.

Note: Since ROMCS/ is in input mode during reset, an
intcrnal pullup resistor ensures the ROM is held
in a quiescent state.
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pRSEER g2 55 BEREE aENE Pin itions
Crr Descrip
T-62-33-45 .
PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

76 ROMPG2 (MS2) /O High ROM Page (ROM Address msb) outputs / Monitor ID

74 ROMPG1 (MS1) /O High inputs. During reset, these pins are inputs sampled on

75 ROMPGO (MSO0) 1/O High the falling edge of RESET (these pins have internal SOK

pullups) to latch the state of the Monitor ID inputs
(MS2:0) from the video connector, which may then be
read from the Subsystem Status register. If a ROM is
connected to ROMPG2:0, MS2:0 are normally driven
onto these pins with a tri-state buffer enabled by
RESOUT/. However, if P4D6 is low at the falling edge
of RESET, these pins remain inputs so MS2:0 may be
connected to these pins directly. If P4De6 is high at the
falling edge of RESET, these pins then become outputs
driven by ROM_PAGE_SEL[2:0]. If ROM paging
capability is desired, these pins connect to ROM address
iriputsiA14:12 (32Kyor A12:10 (8K).

Monitor Type

reserved

8507 Mono)  (31.5/35.5 KHz)
8514 (Color)  (31.5/35.5 KHz)
reserved

reserved

8503 (Mono) (31.5 KHz)
8512/13 (Color) (31.5 KHz)
reserved

Note: The ROMPG?2:0 outputs are forced
high during SETUP mode, indepen-
dent of the ROM Page register
contents.

Note: ROM_PG_SEL [2:0] register bits are
set to 1 on RESET, so that the ROM
page defaults to ROM page 7.

—O—O—mo=o!

Note: In MC systems, address bits A11:0. latched for the ROM. Addresses may be latched by 74LS373
or equivalent transparent latches on the falling edge of CMDY or by 74L.S374 or equivalent registers on the
dsir(ljg ed%% (l)f AhDé,/. In ISA systenis; ROM addresses A11:0 are held valid during the entire bus cycle and
need not be latched.

Note: In MC systems, A1:0 may be connected directly to the RAMDAC. IMSG176 or equivalent RAMDACSs
latch their register select inputs internally on the leading edge of PALRD/ or PALWR/ and the MC bus

holds addresses valid long enough to meet hold time requirements. If addresses are latched for a ROM
however, use the latched address to minimize the bus signal fanout.
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Pin Descriptions

. PIN DESCRIPTIONS

T-52-33-45
Display Memory Interface

Pin# Pin Name Type Active Description
118 P4D7 (8PLANE) I/O VRAM Data Bus. The first digit in the signal name
119 P4D6 (ROMPAGING) I/0 indicates the position of the pixel within the 'nugget'.
123 P4D5 (ROMSIZE) /0 The second indicates the bit position (‘plane”) within the
124 P4D4 (ROMBASE1) I/O pixel
i%g gﬁgg (ROMB(/;‘SEO) 3 I/‘g P4D2:0 also function as Alternate Write Enable signals
127 P4DI (reserve d) (WE2A/) I/::) WE3:1A/. In standard modes, these signals are the
5% babo (reserve d) (WEIA/) VO same as WE3:1/. If 8, 256Kx4 VRAMs are installed,
(reserved) (WELA/) I/ the memory may be mapped as 2048x1024x4bpp by
ry may ppe )
130 P3D7 o enabling the alternate WE signals. This nibble mode is
131 P3D6 50 enabled through Extended Configuration register EC1.
132 P3D5 10 The state of pin 104 on reset enables WEA3:0/ and
133 P3D4 )
134  P3D3
135 P3D2
136 P3D1
137 P3DO ;
: - compauble values. An external LS244
142 P2D7 buffer (ena led by RESOUT/) may be used to drive
143  P2D6 fay
144 P2D5 the P4_ n pins. The 1nputs of the buffer may be
145 P2D4 : to ground or tied to jumpers for user-configur-
146  P2D3 options. Software may write over any configura-
147 P2D2 n options latched from P4Dn which eliminates the
148 P2D1 need for most strapping options.
149 P2DO P4D7 is saved at reset as a read-only bit in Subsystem
Status register (42E8) bit-7 (SUBSYS_STATI[7]). Itis
151 P1D7 also accessible (read/write) in Extended Configuration
152 PID6 register 2 (SAE8h) bit-7 (EC2[7]). It is interpreted as
}gi E%Bi the SPLANE ('8 Bit Planes’) bit;
155 P1D3 0 4-Plane/16-color configuration
156 PID2 1 8-Plane/256-color configuration (default)
{gg gig(l) I/(g High  P4D6 is saved in EC2[6] as ROM Paging:
( High
I/ ' 0 ROMPG2:0 are input pins readable at
3 POD7 C h SUBSYS_STATI[6:4] (Monitor Sense pins).
2 PODS 53 g;gh 1 ROMPG2:0 output ROM_PAGE_SEL[2:0]
5 PODS /O High (Monitor Sense bits are latched from ROMPG2:0
6 POD4 /0 High on the falling edge of RESET only)
g ggg% 58 Eiéﬁ P4D5 is saved in EC2[5] as ROM Size:
9 POD1 j7/0] High 0=32K, 1 = 8K ROM space
10 PODO VO High  pgp4:3 are saved in EC2[4:3] at reset. These are
interpreted by hardware as ROMBase:
P4 Bit 4:3 8K MCA 8K ISA 32K
00 C8000h C6000h DO0O000h
01 D8000h D8000h  DS8000Oh
10 C0000h C0000h C0000h
. 11 (defaull) C6000h  C8000h  C8000h
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T-52-33-45
PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description

116 MAS (IMVRAM) /O High VRAM Address. On the falling edge of RESET, the

115 MA7 Tri-O  High state of MAS is latched into extension register EC2[10].

114 MA6 Tri-O  High If EC2[10] = 0, 256Kb VRAMs are being used (same

113 MAS Tri-O  High asthe IBM 8514/A); if EC2[10] = 1, IMb VRAMs are

112 MA4 Tri-O High being used, and the 82C481 reinterprets VRTCFG

111 MA3 Tri-O  High register bits to maintain register compatibility with the

110 MA2 Tri-O High 8514/A. MAS (only) has an internal 50K pull-up

109 MAI Tr-O  High resistor, so the default is 1. To select 256K VRAMSs,

108 MAO Tri-O  High  drive MA8 with RESOUT/.

106 RAS/ Tri-O Low VRAM Row Address Strobe. An internal pullup keeps

"VRAMSs in a quiescent state during reset. During
snofmal operation, RAS/ will be observed active (low)
S

103 CAS¥Y (BANKS1)

102  CAS2%/ (BANKS0)

99 CASY/ . thg

98 CASY/ on). CAS3:2/ have internal pullups and are

-at reset and saved in EC2[9:8] as the number of
 banks installed: 00=1, 01=2, and 11=4 banks.

117 WEA/ (5PN) AM Write Enables for pixels 4:0 of the nugget,

129  WE3/ espectively. WE4/ is only used in 5-pixel nugget

138 WE2/ " configurations (it is unused in 4-pixel nugget

150 WEVY/ configurations, such as the basic four IM-VRAM

2 WE(/ minimum configuration). WE4/ has an internal pullup
and should be connected to RESOUT/ or GND to
configure the 82C481 for 4-pixel nuggets. The state of
WEA4/ at reset (called the 5PN or 'S-Pixel Nugget' bit) is
saved in Extension Register EC2[11] (read/write) and in
the Memory Control register MEM_CNTL[0] as part of
the horizontal configuration (HORCFG) bitfield.

85 WEQA/ Tri-O Low  VRAM Alternate Write Enable. This signal along with
WEA3:1/ constitute the alternate nibble write enable
signals. They are enabled on reset by pulling down pin
104 with a 2.2KQ resistor. They are used in
combination with CAS01/ to create a nibble mode
2048x1024x4bpp frame buffer.

105 DTOE/ Tri-O Low  Data Transfer / Output Enable for all VRAM chips

86 FWE Tr-O  High  Flash Write Enable. This VRAM control signal may be
used to generate Flash Write and Color Register Set
cycles for VRAMs which support these functions. It is
low after reset and can be enabled through Extended
Configuration Register EC1[5].

87 CASOV/ Tri-O Low  VRAM Column Address strobe for pixels P2 and P3 of

the first memory bank. CAS0/ = PO, P1, and P4,
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. PIN DESCRIPTIONS 1-52-33-45
Pin# Pin Name Type Active Description
62 MCLK In High  Memory Clock. MCLK clocks everything except the

CRT control logic (which uses NCLK). The MCLK
frequency is selected to match the speed of the RAMs

used:
MCLK VRAM Access (projected)
36 MHz 120 ns
45 MHz 100 ns
50 MHz 80 ns
88 NCLK In High  Nugget Clock. Used to generate timing inside the

82C481 chip. 82C481 internal logic is clocked on the
“1sing edge of NCLK. HSYNC is delayed by one half
NCLK-cycle and ‘is clocked on the falling edge of
NCL The N requency is equal to or half of the
' | data rate. Max pin freq = 40MHz. Max.
vide freq = 32MHz. (See EC1[12:10])

95 CSEL2 (INTERLEAVE) Tri:0
96  CSELl  (5PN) (VMEMR/)
97  CSELO  (PS8) (VMEMW})

( k- Select. These pins are multiplexed if Static
tatus Enable (EC1[4]) = 0 (default). When BLANK/
blank active), CSEL2:0 are used to select one of up
or¢ight frequencies using external clock selection logic.
e selected frequency is used to clock the external
ideo shift registers and RAMDAC. It is divided by
1,2,4,5,8, or 10 for input on NCLK. CSEL2:0 are
controlled by EC3[10:8] (CSELOQ is duplicated in
ADVFUNC_CNTL[2]). While BLANK/=1 (blank
inactive), these pins output INTERLEAVE, 5PN (5-
pixel nugget), and PS8 (Pscudo- 8-plane mode) bits.
SPN is MEM_CNTL([0]. PS8 mode is selected by
setting VRTCFG=00 (MEM_CNTL(3:2]) (normal
setting is 01). If EC1[4]=1, then these pins always
output the clock select data.
In UISA mode, CSEL1 and CSELO may be used to
output MEMR/ and MEMW/ signals decoded for the
VGA range. This is useful for implementing a local
VGA which only decodes addresses A16:0. Refer to
the description of extended configuration register
ECO[7:6] to enable this feature.

93 AF (BANK) Tri-O  High  Advanced Function is multiplexed with BANK if Static
Status Enable (EC1[4]) = O (default). If BLANK/=0,
indicates Advanced Function (ADVFUNC_CNTL[0));
1=82C481 drives the video connector, O=external logic
(usually a VGA) drives the video connector. If
BLANK/=1, indicates BANK, used by external logic to
select which serial output enables (SOE3:(/) to activate
for a particular scan line in 4-bank configurations:
BANK=0 selects SOE1:0/; BANK=1 selects SOE3:2/.
If ECI1[4]=1, then AF always outputs

. ADVFUNC_CNTL[0].
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CHIrFS e

T-52-33-45
PIN DESCRIPTIONS Video Interface
Pin# Pin Name Type Active Description

83 PALRD/ Tri-O Low Connected to the Read input of the Palette DAC (Bt485,
TLC34075, Bt471, or compatible). Asserted when the
82C481 is enabled and an I/O Read occurs to addresses
x2EAh-x2EDh (or x3C6h-x3C%h in VGA pass-through
mode with EC1{15]=1). Tristate during reset.

84 PALWR/ Tri-O Low Connected to the Write input of the Palette DAC (Bt485,
TLC34075, Bt471, or compatible). Asserted when the
82C481 is enabled and an I/O Write occurs to addresses
x2EAh-x2EDh (or x3C6h-x3C%h in VGA pass-through
mode). Tristate during reset.

82 8BITDAC (ABLANK/) I/0 (32[1 1]=0 then this pin is used to control the '6/8-

‘ .pin of a Bt478 or equivalent Palette
<bit). This pin is sampled at reset,
n be | s a general purpose output with a reset-
sampled défault value.
~If ECZ2[41]=1 then this pin is redefined as an Alternate
Blank/.output. It is controlled by the horizontal and
Yrertical alternate blank registers at 1/O address 32E8h -

90 HSYNC Horizontal and Vertical Sync signals for the monitor and

89 VSYNC Blanking signal for the external palette DAC. Sync

94 BLANK/ polarities are programmable. Tristated during reset. All
timing is generated with respect to NCLK.

92 VHSYNC In . Both Horizontal and Vertical Sync signals from external

91 VVSYNC In Both VGA. When not in Advanced Function (AF) mode
(i.e., 82C481 not enabled), these signals are used to
drive the HSYNC and VSYNC outputs instead of the
82C481 H/V Sync.

73 SENSE In High  Sense Input for analog output and monochrome/color

monitor connection testing. For compatibility, this pin
should be connected to the outputs of an LM339
comparator or to the sense pin of the RAMDAC. The
SENSE input may be read via software as bit-0 of the
Display Status register at 02E8h.
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T-52-33-45
. PIN DESCRIPTIONS Video Interface
Pin# Pin Name Type Active Description
104 FRAME Tr-O Both  Odd/Even frame for use with external cursor hardware

when in interlaced modes. Must be enabled through
EC1[7]. Default is tri-state.

0 Even field
1 Odd field

During RESET the inverted state of this pin is latched in
WEN (EC1[3]). It is used to determine if the nibble
write enable signals and CAS01/ should be enabled. As
sampled at pin 104 during reset:

0 Enable CASO1/ and WE3A:0A
1 82C480 compatible (default)
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022228 35 3% necsassansse B
e - an 88 95 Sa e Pin mipﬁOns
LHirFS g
PIN DESCRIPTIONS Test, Power, and Ground
Pin# Pin Name Type Active Description
1 vCC P - Power Pins
20 VCC P -
40 vCC P -
81 VCC P -
100 VCC P -
120 VCC P -
140 VCC P -
11 GND P - Ground Pins
21 GND P -
41 GND P -
42 GND P
79 GND P
80 GND P
101 GND P
107 GND P
121 GND P
122 GND P
139 GND :
141 GND
159 GND
160 GND
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Registers
. T-52-33-45
Registers

Register Read  Write Register
Mnemonic Register Name Access Access Bits %’lpe Page
POS_2 Setup Control 0102 0102 1 POS 25
DISP_STAT Display Status 02E8* N/A 3 8514/A 25
H_TOTAL Horizontal Total 26E8* 02E8* 9 8514/A 26
DAC_MASK DAC Mask 02EA 02EAYT 8 RAMDAC 26
DAC_R_INDEX DAC Read Index 02EB 02EBt 8 RAMDAC 27
DAC_W_INDEX DAC Write Index 02EC 02ECt 8 RAMDAC 27
DAC_DATA DAC Data 02ED 02ED+ 8 RAMDAC 28
H_DISP Horizontal Displayed O6E8* O6E8* 8 8514/A 28
H_SYNC_STRT Horizontal Sync Start Q0AES8* OAES8* 8 8514/A 29
H_SYNC_WID Horizontal Sync Width OEE8* OEE8* 6 8514/A 29
V_TOTAL Vertical Total 12E8* 12E8* 12 8514/A 30
V_DISP Vertical Displayed 16E8* 16E8* 12 8514/A 30
V_SYNC_STRT Vertical Sync Start 1AE8* 1AE8* 12 8514/A 31
V_SYNC_WID Vertical Sync Width 1EE8* 1EE8* 6 8514/A 31
DISP_CNTL Display Control 22E8* 7 8514/A 32
H_AB_START Horizontal Alternate Blank Start 32E8* 9 CHIPS 33
H_AB_END Horizontal Alternate Blank End 36E8* 9 CHIPS 33
V_AB_START Vertical Alternate Blank Start 3AES8* 12 CHIPS 34
V_AB_END Vertical Alternate Blank End 3EE8* 16 CHIPS 34
SUBSYS_STAT Subsystem Status N/A 16 8524/A 35
SUBSYS_CNTL Subsystem Control 42E8* 12 8514/A 36
ROM_PAGE_SEL ROM Page Select, 46E8* 3 8514/A 37
ADVFUNC_CNTL 4AE8* 2 8514/A 38
ECO S2E8* 16 CHIPS 39
EC1 S6E8* 16 CHIPS 40
EC2 SAES8* 13 CHIPS 42
EC3 SEE8* 15 CHIPS 44
CURLY Current Y Position 82E8* 11 8514/A 45
CUR_X Current X Position : 86E8* 12 8514/A 46
DESTY_AXSTP Destination Y Position/AXxial 8AES8* 13 8514/A 46
DESTX_DIASTP Destination X Positigri S8EE8* 13 8514/A 47
ERR_TERM Error Term G 92E8* 92E8* 16 8514/A 47
MAJ_AXIS_PCNT Major Axis Pixel Count/Rectangle Width OGEgR* 96E8* 11 8514/A 48
GP_STAT Graphics Processor Status 9AES8* N/A 10 8514/A 49
CMD Command N/A OAE8* 16 8514/A 50
SHORT_STROKE Short Stroke Vector Transfer 9EE8* OEE8* 16 8514/A 52
BKGD_COLOR Background Color A2E8* A2E8* 8 8514/A 53
FRGD_COLOR Foreground Color AGE8* AGES8* 8 8514/A 54
WRT_MASK Write Mask AAES8* AAE8* 8 8514/A 55
RD_MASK Read Mask AEES8* AEES8* 8 8514/A 56
COLOR_CMP Color Compare B2E8* B2E8* 8 8514/A 57
BKGD_MIX Background Mix BOEg§* BGES8* 7 8514/A 58
FRGD_MIX Foreground Mix BAES* BAESg* 7 8514/A 59
MULTIFUNC_CNTL Multi-function Control Index (MFC) N/A BEES8* 4 8514/A 60
MIN_AXIS_PCNT Minor Axis Pixel Count MEC[0] BEES8* BEESg* 11 8514/A 60
SCISSORS_T Top Scissors MFC(C[1] BEES8* BEES8* 12 8514/A 61
SCISSORS_L Left Scissors MEFC[2] BEES8* BEES8* 12 8514/A 61
SCISSORS_B Bottom Scissors MFCJ3] BEE8* BEES* 12 8514/A 62
SCISSORS_R Right Scissors MFC{4] BEES* BEES8* 12 8514/A 62
MEM_CNTL Memory Control MFC[5] BEES* BEES8* 7 8514/A 63
PATTERN_L Fixed Pattern Low MEFC[8] BEES* BEES8* 8 8514/A 64
PATTERN_H Fixed Pattern High MEC[9] BEES* BEESg* 5 8514/A 65
PIX_CNTL Pixcl Control MEFC[A] BEES* BEES* 8 8514/A 66
PIX_TRANS Pixel Data Transfer E2E8* E2E8* 8/16 8514/A 67
* Indicatcs 16-bit read/write access at port addresses xxx8/xxx9.
T When in VGA Pass-through mode, write accesses to 3C6-3C9h are mirrored in the 82C481 RAMDAC.
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[ Registers Bit Summary
T-52-33-45
Register 1/0 15 14 13 i 12 :i11 : 10 : 9 8 7 6 S i 4 3 2 1: 0 ‘
DISP_STAT 0 0 0 0 0 0 0 0} 0 0 0 0 | 0 |TOG]VBK|SENS
0 0 0 0 0 0 0 H TOTAL + 1 :
X X X | X X X | X X ‘PALETTE MASK |
X | X I x| X X1 XXX READ INDEX |
X | X I x| x| X[ XXX i WRITE INDEX ; *
X | X[ x| x| X x| X1X RAMDAC DATA REGISTER
0 0 0 0 0 0 0 0 HORIZONTAL DISPLAYED
0 0 0 0 0 0 0 0 'HORIZONTAL SYNC START: :
0 0 0 0 0 0 0 0 o [ o fprOL| ' H SYNC WIDTH
0 0 0 0 i " VERTICAL TOTAL BASE __ ; VTADIJ
0 0 0 0 VERTICAL DISPLAYED BASE VDADJ
0 0 0 0 VERTICAL SYNC START BASE VSADJ
0 0 0 0 0 0 0 0 0 0 |pPOL "V SYNC WIDTH |
0 0 0 0 0 0 0 0 0 | DISPEN | INL | DBL | MEMCFG [ ODD
0 0 0 0 0 0 0 0 HORIZONTAL ALTERNATE BLANK START
0 0 0 0 0 0 _|-7¢ 0 | HORIZONTAL ALTERNATE BLANK END
0 0 0 0  VERTTEAL'ALTERNATE BLANK START: VASADJ
BEN | BHE | BNE [ BLE ‘ VERTICAL ALTERNATE BLANK END VAEADJ
 CHIP ID  CHIPREV . GPI | 110 | PF | VBF
GPCTRL | CHPTST [IGPI| IO | IPF RGPI|RIIO | RPF [RVBH
0 Ky VGA| ROM PAGE
0 DIREE) 0 |cLK®{ 1 | AF
‘ABE | ZW&] CSE | VME ‘VMR! {PTR
PRE VENIOFEN| FEN | YPM|FWE]| SSE | WEN| CEN | M32 | M16
0 BANKS | 8BP|RPG|RSIZ|[ROMBASE]| 1 1 1
; :‘LKIICLKO ALE| AHE| ALS|AHS| MFC REG INDEX
0 | 0 L i . Y_POSITION __ : é : ‘
0 0 ~ . :  X-POSITION i ' :
0 0 —DESTINATION/AXIAL STEP CONSTANT ‘
0 0 X-DESTINATION / DIAGONAL STEP CONSTANT
R/W | R/W 4 INITIAL ERROR TERM _ |
0 0 i) _MAJOR AXIS PIXEL COUNT/ RECTANGLE WIDTH |
0 0 0 0 |BSY|RDY f ! QUEUE STATE ' :
COMMAND __|BSQ| 0 0 | 16B [PCD [INCY]| MAJlINCX DRW|TYP ILASTl AP IWRT
ANGLE DRW LENGTH ANGLE DRW { LENGTH
0 0 0 0 0 0 0 0 BACKGROUND COLOR
0 0 0 0 0 0 0 0 FOREGROUND COLOR
0 0 0 0 0 0 0 0 . WRITE MASK
0 0 0 0 0 0 0 0 READ MASK |
0 0 0 0 0 0 0 0 COLOR COMPARE
0 0 0 0 0 0 0 0 0 BSS ' BACKMIX
0 0 0 0 0 0 0 0 0 FSS ' FOREMIX |
INDEX X | X1 x| X | x| x [ x| xIxIx]x]
0 0 0 0 0 MINOR AXIS PIXEL COUNT/ RECT HEIGHT ‘
0 0 0 1 : : { TOP SCISSORS '
0 0 1 0 'LEFT SCISSORS:
0 0 0 1 BOTTOM SCISSORS
0 1 0 0 RIGHT SCISSORS : :
0 1 0 1 0 0 0 0 0 JCcrsIFws[swp] VRTCFGI HORCFG
1 0 0 0 0 0 0 0 0 0 0 " MASK LOW
1 0 0 1 0 0 0 0 0 0 0 : MASK HIGH
_C 1 0 1 0 0 0 0 0 | MIXSEL | COLCMPOP | PMODE | INA
PIX_TRANS E2ES . PIXEL/PLANE DATA ‘ " PIXEL/PLANEDATA i
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wHirs T-52-33-45  _ Regisers
. SETUP CONTROL REGISTER DISPLAY STATUS REGISTER
(POS_2) (DISP_STAT)
Read at I/O Address 102h Read only at IO Address 02E8h
Write at /O Address 102h Byte or Word Accessible
Byte Accessible only
[07]Ds]Ds [pa D32 b1 Do) pshaigidiiholo[g[7]els[4[3]2]1]0]
481 Card Enabl L sense
ard Enable VBLANK
— — HORTOG
- Reserved -
J [ Reserved
0 481 Card Enable
1 = Card enabled
0 = Card disabled (all registei

memory invisible to sys|
POS Setup registers). .

7-1 Reserved (0)

SENSE is the result of a wired-OR of
comparators on each of the RGB video
signals. This sense¢ input may be used to
determine if a color, monochrome or no
monitor is connected to the analog
connector. The RAMDAC expects to be
driving a 75Q matched impedance cable.
The comparator reference voltage is
generally chosen to be approximately half of
the full scale DAC output. By programming
the RAMDAC for various voltage outputs
and patterns and then reading SENSE, the
monitor type can be deduced.

1 VBLANK Vertical Blank State

0 = Vertical Blank inactive
1 = Vertical Blank active

2  HORTOG Horizontal Toggle reads the state
of a flip-flop which is clocked by HSYNC;
the beginning of the sync pulse (which
generally occurs after the end of displayed
data) can be detected by polling this bit and
waiting for a change of state.

15-3 Reserved (0)
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T-52-33-45

HORIZONTAL TOTAL REGISTER DAC MASK REGISTER
(H_TOTAL) (DAC_MASK)
Read at /0 Address 26E8h Read/Write at I/0 Address 2EAh
Write at I/O Address 02E8h Write at 1/0 Address 03C6h (VGA Mode Only)
Byte or Word Accessible Read at 1/0 Address 03C6h (AF=0 and PRE=1)

Byte Accessible only
fshapaidiiof o] 87 [e[5]413[2]1]0]

L..
[D7][D6]Ds[D4[D3]D2|D1 DO}
N T
- Horizontal Total —
- DAC Mask

I Reserved - -

8-0 Horizontal Total defines the*
scan line width including the displa
and sync times. All horizontal tiffiings ar
measured in terms of the nugget ¢lock, the;,
NCLK divisor, and the state '
MEM_CNTL[0] (4pixel/Spixel nuggets
definition, H_TOTAL is measured. from‘the
start of the first displayed pixel on
line. Therefore, the total time periscan line
is:

DAC Mask. This register is in the
RAMDAC Color Palette. Pixel data bits are
ANDed with the DAC Mask before going to
the palette. This can be used to split the
display buffer into multiple buffers by alter-
nately enabling different planes.

The 82C481 palette registers may be written
at their equivalent VGA I/O addresses when
the 82C481 is in VGA pass-through mode.
This allows the 82C481 palette to mirror the

(H_TOTAL + 1) * (NCD[2:0] + 1) NCLK contents of the VGA palette hence
periods. displaying the correct colors when outputing
VGA pass-through video. This is required

15-9 Reserved (0) for 8514/a compatibility.

The 82C481 responds to I/O read accesses
to the VGA palette only if PRE, EC1{15]=1.
This is useful if both a VGA and the
82C481 are sharing the same RAMDAC. In
this case however, the 82C481 relies on the
VGA to generate the necessary wait states.

Note: Only A9:0 are used in the decode of
the 8514/a palette addresses. The
PALRD/ and PALWR/ signals are
generated for all addresses which
map into ranges x2EAh - x2EDh (eg.
06EAh - O6EDh. 12EAh - 12EDh or
FAEAD - FAEDh). The VGA palette
addresses use all 16 I/O address lines
to decode their 03C6h-03C%h range.
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Registers

. DAC READ INDEX REGISTER
(DAC_R_INDEX)
Read/Write at I/O Address 2EBh
Write at I/O Address 03C7h (VGA Mode Only)
Read at 1/0 Address 03C7h (AF=0 and PRE=1)
Byte Accessible only

T-52-33-45

DAC WRITE INDEX REGISTER
(DAC_W_INDEX)

Read/Write at I/O Address 2ECh

Write at 1/0 Address 03C8h (VGA Mode Only)
Read at I/O Address 03C8h (AF=0 and PRE=1)
Byte Accessible only

D7 |D6 |D5 D4 |D3 [D2]D1 [0

[p7{Ds{Ds D4 [D3[D2[D1[Do0]

- DAC Read Index

- DAC Write Index

7-0 DAC Read Index. This register is in the
RAMDAC Color Palette.

be read by the current sequence:
to the DAC_DATA register.., To- :
contents of a location in the RAM*pal,e_,ttg:

that address is read into
DAC_DATA register. The DAGR
Index register auto-incremetits"
to the next RAMDAC address Tocation.
Address location OFFh wraps around
to 0.

2. The palette data for that location may
then be read by three consecutive
accesses to the DAC_DATA register;
one each for Red, Green, and Blue
palette data (6 or 8 bits).

Upon completion of the third read to
the DAC_DATA register, the 18/24
bits of data for the next address
location is available to be read from the
DAC_DATA register.

The IBM 8514/A and VGA both use an 18-
bit wide color palette (6 bits each for Red,
Green, and Blue). The 82C481 supports
both 6 and 8 bit RAMDACS.

rite Index. This register is in the
DAC Color Palette.

AC Write Index is used to point to the

ation in the RAM lookup table which will
be loaded following the completion of a
triple write sequence to the DAC_DATA
register. To update a location in the RAM
palette:

1. Write the RAM address for that

location to the DAC Write Index
register.

. In three consecutive writes to the

DAC_DATA register, output Red,
Green, and Blue palette data (6 or 8
bits).

Upon completion of the third write to
the DAC_DATA register, the 18/24
bits of palette data is transferred to the
RAMDAC lookup table. The DAC
Write Index is then incremented to
point to the next RAMDAC address
location. Address location OFFh
wraps around to 0.

The IBM 8514/A and VGA both use an 18-
bit wide color palette (6 bits each for Red,
Green, and Blue). The 82C481 supports
both 6 and 8 bit RAMDACS.
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T-52-33-45
DAC DATA REGISTER HORIZONTAL DISPLAYED REGISTER
(DAC _DATA) (H_DISP)

Read/Write at 10 Address 2EDh

Write at I/ O Address 03C9h (VGA Mode Only)
Read at I/O Address 03C9h (AF=0 and PRE=1)
Byte Accessible only

[D7]D6]Ds[D4]D3]D2]D1 DO}

+ DAC Data (6-bit standard)

I DAC Data (if 8-bit DAC)

7-0 DAC Data. This register is in the RAMD;
Color Palette.

To write a new color for a pixi
its address to DAC_W_INDE

to DAC DATA. After the
written, all three color values are
ously transferred to the palety |
DAC_W_INDEX is incremented 10 point
the next palette word. This allows wrifing
the whole palette with only one write:to‘the
DAC_W_INDEX register.

To read a color value, first write 1ts address
to DAC_R_INDEX; this causes that
locations value to be copied into a temporary
register (18 or 24-bit) and DAC_R_INDEX
to be incremented. Then the red, green, and
blue values (6 or 8-bit) may be read consec-
utively by reading the DAC_DATA register.

As soon as the blue value is read, the next
locations color data is transferred to the
temporary register and DAC_R_INDEX is
again incremented. This allows readmg of
the whole palette with only one write of the
DAC_R_INDEX register.

The IBM 8514/A and VGA both use an 18-
bit wide color palette (6 bits each for Red,
Green, and Blue). The 82C481 supports
both 6 and 8 bit RAMDACS.

Read at /0 Address OGE8h (Chips Extension)
Write at I/O Address 06ESh
Byte or Word Accessible

- Horizontal
Displayed

[ Reserved

0 Horizontal Displayed defines both the
number of displayed pixels per scan line and
the start of the horizontal blanking. All
horizontal timings are performed in terms of
double nuggets. The start of the horizontal
blanking signal occurs at:

(H_DISP + 1) * (NCD[2:0] + 1)

NCLK periods after the start of the scan
line.

15-8 Reserved (0)
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Registers
T-52-33-45
. HORIZONTAL SYNC START REGISTER HORIZONTAL SYNC WIDTH REGISTER
(H_SYNC STRT) . (H_SYNC_WID)
Read at I/0 Address 0AES8h (Chips Extension) Read at 1/0 Address OEESh (Chips Extension)
Write at I/O Address OAESh Write at I/O Address OEESh
Byte or Word Accessible Byte or Word Accessible
[s43fiiihaa o8] 7]6[s[a[3]2f1]o] [Lsfidi3pi2ifigo|8[7f{sl5T43]2]110]
L L
_ '—— I H Sync Width
———— I Horizontal —_—
Sync Start e e
— = HSYNCPOL
I Reserved

Horizontal Sync Width defines the width of
the horizontal sync pulse. The horizontal
sync pulse is independent of Horizontal
Total in that the end of a scan line does not
terminate the HSYNC signal. The width of

delay of the horizontal sync signal
. start of a scan line. For HSYNC o 0¢

H_SYNC_STRT must be I¢ss th;
H_TOTAL. The horizontal sync pul

beginsat (H_SYNC_STRT + 1) the pulse is:
(NCDI[2:0] + 1) NCLK periods ‘the .

M P v H Sync Width * (NCD[2:0] + 1) NCLK
beginning of a scan line. : periods.

15-8 Reserved (0)
S  HSYNCPOL (Horizontal Sync Polarity)

1 Negative (-)
0 = Positive (+)

The horizontal and vertical sync polarities
are used to indicate the horizontal and
vertical frame times to some IBM monitors

as described below:
Horizontal Vertical Horizontal Vertical
Sync Sync Scan Scan

Polarity _ Polarity Freq (KHz) Freq (Hz)
- 31.47 59.94
+ 31.47 70.08
+ - 31.47 70.08
+ + 35.52 43.48

15-6 Reserved (0)
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Sess s s 55 asaaasnaneas (B
RS Registers
CHira , c8t
T-52-33-45
VERTICAL TOTAL REGISTER VERTICAL DISPLAYED REGISTER .
(V_TOTAL) (V DISP)

Read at /O Address 16E8h (Chips Extension)

Read at 1/O Address 12E8h (Chips Extension)
Write at 1/0 Address 16E8h

Write at I/O Address 12E8h

Byte or Word Accessible Byte or Word Accessible
s 3puidofs]7lels{4]3]2] 11?_] Esi4p3h g o8 {7l 6]5[4]3]2] 1I<I>_I
- VTADJ - VDADJ
| |
r VIB VDB
I Reserved

“ VDADJ (Vertical Displayed Adjust)
VDB (Vertical Displayed Base)

The Vertical Displayed value is calculated
from VDB, VDADJ, and the Scan Modulus
(opposite). The internal vertical counter is
incremented at the end of every scan line
when in non-interlaced mode; every half

20 VTADJ (Vertical Total Adjust)
11-3 VTB  (Vertical Total Base)

VTB, VTADIJ, and the Scan Moduliis.
internal vertical counter register is j
mented at the end of every scan line w.
non-interlaced mode. When in,

mode, the vertical counter incremeénts every
half scan line (ie. when the hgorizontal
counter reaches H_TOTAL+2 and
H_TOTAL). For true interlacing to occur,
Vertical Total must be programmed to an
odd number of half scan lines (ie. VTADIJ is
even).

Vertical Total = (Modulus * VTB) + VTADJ + 1

The Scan Modulus is calculated from the
DBLSCAN and MEMCEFG bits of the
DISP_CNTL register as follows:

scan line (ie. when the horizontal counter
reaches H_TOTAL+2 and H_TOTAL) when
in interlaced mode. The Vertical Displayed
value also determines the starting location
for the Vertical Blank signal. The Vertical
Blank signal is synchronized to the end of a
scan line (full H_TOTAL).

Vertical Disp = (Modulus * VDB) + VDADJ + 1

Since Vertical Total must be odd when in
interlaced mode, scan lines have an alter-
nating odd/even relationship with the half
scan line count in alternate frames. (Ineven

DBLSCAN MEMCFG Scan Modulus L { v

frames, the vertical counter begins counting
0 00 2 at the start of a full scan line and ends on a
0 01 4 half scan line. In the odd frame which
0 10 6 follows, the vertical counter begins on a half
0 11 8 scan line and ends on a full scan line.)
1 00 4 Because Vertical Blank is synchronized to
1 01 8 full H_TOTAL, the Vertical Blank pulse for
} i ‘1) }g even frames is delayed by H_TOTAL+2 and

15-12 Reserved (0)

is shorter by this amount in odd frames.

15-12 Reserved (0)
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SSISISE 35 EE IR Resisters

CHAIra s

T-52-33-45

. VERTICAL SYNC START REGISTER VERTICAL SYNC WIDTH REGISTER

(V_SYNC_STRT) (V_SYNC_WID)

Read at 1/0 Address 1AE8h (Chips Extension) Read at I/O Address 1EE8h (Chips Extension)

Write at I/ O Address 1AESh Write at 1! O Address 1EESh

Byte or Word Accessible Byte or Word Accessible

lshafish2ihd o[8[ 7]s[5]4]3]2]1]0] 1514t 3121 io{ 98] 7] 6[5[4]3]2]1]0]

- L.
F VSADJ

L —— r V Sync Width

VSYNCPOL

- VSB

- Reserved

 Reserved-: 3 : J

Vertical Sync Width defines the width of the
vertical sync pulse in scan lines. The
vertical sync pulse is independent of Vertical
Total so that when the vertical counter
reaches Vertical Total, the VSYNC signal is
not terminated. When in interlaced mode,
the pulse width is counted in half scan lines.

S  VSYNCPOL (Vertical Sync Polarity)

Negative ()
Positive (+)

. 11-3 VSB  (Vertical Sync Start Base

The Vertical Sync Start value is Cdlculate
from VSB, VSAD]J, and the Scan Modulus, *
The internal vertical counter register is‘in )
mented at the end of every scan line:w}
non-interlaced mode. When iné
mode, the vertical counter incremetits every
half scan line (i.e. when the horizontal 1
counter reaches H_TOTAL+2 and 0
H L). Verti nc signal is . . .

nGi synchrorized 10 ho ond of & sean Tine The horizontal and vertical sync polaritics

: : u icate z
(full H_TOTAL) as is the Vertical Blank. vertical frame times 1o some IBM monitors

VsyncStart = (VSB *Modulus) + VSADJ +1 as described below:
The Scan Modulus is calculated from the Horizontal Vertical Horizontal Vertical
DBLSCAN and MEMCFG bits of the Sync Sync Scan Scan
DISP_CNTL register as follows: Polarity Polarity Freq (KHz) Freq (Hz)
DBLSCAN MEMCFG Scan Modulus - - 31.47 59.94
50 > — + 31.47 70.08
8 05 ; + - 31.47 70.08
0 10 p + + 35.52 43.48
0 11 8 15-6 Reserved (0)
1 00 4
1 01 8
1 10 12
1 11 16
. 15-12 Reserved (0)
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T )
as as 2O EE BN mwas R 'ﬂem
WCHira &
T-52-33-45
DISPLAY CONTROL REGISTER 6-5 DISPEN (Display Enable)
(DISP_CNTL) .
Read at /O Address 22E8h (Chips Extension) 6 S _Function
Write at 1/O Address 22E8h 0 0 No effect
Byte or Word Accessible 0 1 Enable Hsync, Vsync, Blank, data
transfer cycles, and refresh cycles
[siapsp2iafidofsf7]e[s[4[312[1]0] 1 x Disable Izsync, Vsync, Blank, data
— Reserved transfer cycles, and refresh cycles
—— | MEMCFG Bits 6:5 control an R-S latch. The output of
L - this latch is read back in bit 5; bit 6=0.
DBLSCAN
— INTERLACE 15-7 Reserved (0)
-+ DISPEN
NOTE: INTERLACE, DBLSCAN, and MEMCFG
s are duplicated in each of the alternate video
I Reserved

0 Reserved (0)
2-1 MEMCFG (Memory Configuratio

MEMCFG  Scan Lines per
1  VRAM Row Address

——OQOIN
HWN—

—O = O

Note: If two or more banks of VRAM are present
the data is horizontally interleaved. This
means that each VRAM Row Address has
twice the data as in a single bank implemen-
tation. For example with 2 banks (2MByte)
each row address contains 4096 bytes
(512bits x 4 bit/VRAM x 8§ VRAMSs/bank *
2 banks). If a 1280x1024x8bpp display is
desired, then MEMCFG must be set to 01.
This configures the frame buffer to
2048x1024 at 8bpp which will fit the display
horizontally and vertically.

3 DBLSCAN (Double Scan).

0 = Single scan
1 = Double scanning enabled

4 INTERLACE

0 = Non-interlace
1 = Interlace
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(W g | | g Regisers
@ s
HORIZONTAL ALT BLANK START REGISTER HORIZONTAL ALT BLANK, END REGISTER
(H_AB_STRT) (H_AB_END)
Write at 1/O Address 32E8h (Chips Extension) Write at I'O Address 36E8h (Chips Extension)
Byte or Word Accessible Byte or Word Accessible
{shaishriig e8] 7 654312 1]0] (sh4p3n2hiigos]7lsls[4]3]2]1]0]
- L.
t———— Horizontal -~ | Horizontal
F Alternate ———=————— Alternate
Blank Start t—————| Blank End
- Reserved

80 Horizontal Altemnate Blank S (
start of the Alternate Blank Signa
horizontal alternate blank pulse begifis

(H_AB_STRT+1) * (NCD2:0)

NCLK periods after the beginning of &
line.

15-9 Reserved (0)

Horizontal Alternate Blank End defines the
stop of the Alternate Blank signal. The
horizontal alternate blank pulse ends at

(H_AB_END+1) * (NCD2:0)

NCLK periods after the beginning of a scan
line.

15-9 Reserved (0)
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20 VASADJ (Vertical Alterna

Adijust)
11-3

calculated from VABSB, VASAD]J,
Scan Modulus The Vemcal

scan line (full H_TOTAL) as is
Blank.

Vertical Alternate Blank Start = (VSB * Scan
Modulus)+ VSADJ+ 1

The Scan Modulus is calculated from the
DBLSCAN and MEMCFG bits of the
DISP_CNTL register as follows:

DBLSCAN MEMCFG Scan Modulus

0 00 2
0 01 4
0 10 6
0 11 8
1 00 4
1 01 8
1 10 12
1 11 16

15-12 Reserved (0)

CHIPS & TECHNOLOGIES INC SLE D WE 209811k 0003889 0784 EMCHP
HIE L SNE G Resisters
CHira i
T-52-33-45
VERTICAL ALT BLANK START REGISTER VERTICAL ALT BLANK END REGISTER
(V_AB_STRT) (V_AB_END)
Write at 1/O Address 3AE8h (Chips Extension) Write at 1/0 Address 3EE8h (Chips Extension)
Byte or Word Accessible Byte or Word Accessible
[shapsp2fifigo[sf7]e[s]4i3]2[1]0] Eshasp2hindofe7[6[s]413[2]1]0]
L
|—— - VASADJ I— VAEADIJ
VABSB (Vertical VABEB (Vertical
- Alternate Blank - Alternate Blank
Start Base) End Base)
] — BLE
BNE
BHE
BEN

VAEADIJ (Vertical Alternate Blank End
Adjust)

Vertical Alternate Blank End Base

The Vertical Alternate Blank End value is
calculated from VABEB, VAEAD], and the
Scan Modulus in a similar manner as the
Vertical Alternate Blank Start.

Vertical Altemnate Blank Start = (VSB * Scan
Modulus)+ VSADJ+ 1

BLE Alternate Blank Alternate Low
Resolution Enable

0 Alt Blank is the same as Blank

1 Alt Blank enabled

BNE Alternate Blank Norrnal Resolution

12

13

Alt Blank is the same as Blank
Alt Blank enabled

BHE Alternate Blank Alternate High
Resolution Enable

0 Alt Blank is the same as Blank

1 Alt Blank enabled
BEN Alternate Blank Master Enable

0 EC2[13] output on pin 82 (default)
1 Alt Blank enabled

14

15
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SUBSYSTEM STATUS REGISTER
(SUBSYS_STAT)

Read at I/O Address 42E8h

Byte or Word Accessible

siahisfioithd o[8[ 7] els[a]3]2T1]0]

VBLNKFLG
—— PICKFLAG

—— INVALIDIO
GPIDLE

- MONITORID

-

8PLANE

- CHIP_REV

3-0 Interrupt requests. These bifs:show the
of internal interrupt requests; these
activate the IRQ pin if the corggsp

0 VBLNKFLG (Vertical Blank Flag) -
Vertical blank signal has become active

1 PICKFLAG - The current XY position
went inside the scissor while executing a
line, outline, SSV, bitblt or rectangle
command.

2 INVALIDIO - The host attempted to
write to the queue when no words were
available or read from PIX_TRANS
when no data was ready.

3 GPIDLE - The graphics drawing engine
isidle.

64 MONITORID - This field contains the
monitor ID bits. If there is no ROM present
(ROMCS/ = 0 on reset) and ROMPAGING
= (), then these bits arc read directly from
pins MS2:0. If therc is no ROM present and
ROMPAGING = 1, or if there is a ROM,
then thesc bits are the state of the MS2:0
pins latched at reset. In this case, the data

1-52-33-45

may be modified by writing to the
MONITORID latches (R?W) in Extended
Configuration Register EC3[15:13].

The MONITORID bits are driven by some
monitors to indicate monitor type. The
following monitor IDs are returmed by IBM
and compatible monitors:

Monitor ID IBM Monitor Type

15-12

Reserved

8507 (1024x768) Monochrome
8514 (1024x768) Color
Reserved

Reserved

8503 (640x480) Monochrome
8512/8513 (640x480) Color
Reserved

————,o 000

0
0
1
1
0
0
1
1

— OO~ O—=O

SPLA 8 bit planes
Laiched-on reset from P4D7, SPLANE

€enitlates the function of the jumper on the
IBM 8514/A board. This bit is R/W in

xtended Configuration Register EC2[7].

0 = 4 planes
1 = 8 planes

CHIP_REV - Revision number of the
silicon. This number, in combination with
the CHIP_ID will allow programmers to
determine which advanced capabilities are
available on this 82C481. Revisions 0-2
indicate 82C480 devices.

3 = 82C481 Initial Release

CHIP_ID - This field contains the CHIPS
ID for 8514/A compatible implementations.
It is in accordance with the Video Electronics
Standards Association 8514/A specifica-
tions.

0 = Chips and Technologies, Inc.
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SUBSYSTEM CONTROL REGISTER 13-12 CHPTEST Program to 01 to enable normal
(SUBSYS _CNTL) function.
Read at 1/0 Address 2EE8h (Chips Extension) . .
: On read back, bit 13 = 1 if 13:12 were
g;r;éeoitvl‘ﬁggﬁr::;s?bzg& programmed to 1x; otherwise = 0. On reset,
initialized to 0 (Normal Operation). Bit 12
S d o8 7T e3[4 ]3] 2] 110] always reads back as 0.
RVBLNKFLG 15-14 GPCTRL Graphics Processor Control
— g&%‘:ﬂ-&g 15 14 Effect on 82C481
RGPIDLE 0 O Noeffect
0 1 Enable Chip
1 0 Reset Chip. Stop all VRAM
Reserved cycles, flush queue, clear
eser GPBUSY and Queue Status flags.
Don't reset counters or tristate pins.
IBLNKFLG
L. 1 1 Reset Chip. Stop all VRAM
IINVALIDIO cycles, flush queue, clear
IGPIDLE PBUSY and Queuc Status flags.
Pon't reset counters or tristate pins.
~ Bits 15:14 control an R-S type
GPCTR

30 Interrupt Reset. These bits dr {
active interrupt flags. They may b
individually or in combination.
0 = Don't reset flag
1 = Reset flag

The reset bits are as follows:

0 RVBLNKFLG Reset Vertical
Flag

1 RPICKFLAG Reset PICK Flag

2 RINVALIDIO Reset Queuc overflow /

3

Data underflow flag
RGPIDLE Reset Graphics Engine Idle
flag

Note: Bits 3:0 always read back = 0.
Reserved (0)
Interrupt Enables. Thesc bits are used to

permit a particular interrupt condition to
generate an external IRQ.

7-4
11-8

0 = Disable interrupts for this condition
1 = Enable interrupts for this condition

8 IBLNKFLG Enable Vertical Blank
interrupt

9 JPICKFLAG Enable PICK interrupt

10 IINVALIDIO Enable Qucue Overflow /
Data Underflow interrupt

11 IGPIDLE Enable Graphics Engine Idle
interrupt

latch. The status of this software
reset latch is read back in bit 15; bit
14 =0.

On reset bit D15 = 0 (enabled).
Note: If the bus interface is UISA and pin
45 is connected to OWS- on the AT
bus, then ECI1[8] should be set.
This disables the gencration of
hardware interrupts to the system.
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. ROM PAGE SELECT REGISTER
(ROM_PAGE _SEL)
Read at I/0 Address 46E8h (€, hips Extension)
Write at I/0O Address 46ESh
Byte or Word Accessible

114 h2uid o] 8] 716[5[4[3]2]1]0]

- ROMPAGE

VGA ENABLE
VGA SETUP

IE:

I Reserved

20 ROMPAGE. ROMPAGE allows,

app1
one of 8 different 4K pagesof on-hoar
ROM to the same 4K memary i
space.

de51gn, it would be desireable to occ" py a
similar address range as does B

8514/A adapter. Unfortunately
standard IBM 8514/A address rangés except
CAO00h—CA7FFh conflict with most
extended VGA BIOS. To prevent a conflict

T-52-33-45

from occurring, we suggest the ROM (if
installed) be relocaied to another address
range using the ROM relocation bits in
Extended Configuration Register EC3. EC3
also contains bits to disable ROM paging and
to select the size of the ROM address space.

VGA ENABLE This bit is not physically
present on the 82C481, but is standard on
ISA VGA cards. It is included here for
completeness.

0 = Disable VGA
1 = Enable VGA

VGA SETUP This bit is not physically
present on an 82C481 card but is standard on
ISA VGA cards. It is included here for
completeness.

0= Normal operation

1(0)

This Materi al

ISA Bus Address MC Bus Address ROMPAGE 32K x 8 ROM
(20-bit) (24-bit) 210 Address Comments
C6800-C6FFF 0C6800-0C6FFF XXX 7800-7FFF Fixed ROM
C7000-C7FFF 0C7000-0C7FFF 000 0000-OFFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 001 1000—1FFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 010 2000—2FFF Paged ROM
C7000—C7FFF 0C7000-0C7FFF 011 3000-3FFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 100 4000—4FFF Paged ROM
C7000-C7FFF 0C70000C7FFF 101 5000-5FFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 110 6000—6FFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 111 7000-7FFF Paged ROM
CAOO0-CATFF OCAO0O00-OCATFF XXX 7000-77FF Fixed ROM
IBM 8514/A Standard ROM Address Mapping
Revision 0.3 37 Advance Product Information 82C481
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ADVANCED FUNCTION CONTROL REGISTER
(ADVFUNC_CNTL)

Read at I/O Address 4AE8h (Chips Extension)
Write at I/O Address 4AES8h

Byte or Word Accessible
[shafzhnde[8]7I6[514]3]2]1]0]
DISABPASSTHRU
—— RSVDO
CLKSEL
RSVD1

- Reserved

0 DISABPASSTHRU This bit"
VGA pass-through feature ofith

0 = VGA video is passed through:l
82C481 RAMDAC to the displa

1 = Advanced Function. 82C481Xv1de
passed through the RAMDAC
display.

1 RSDVO Reserved bit 0= 1

2 CLKSEL (Clock Select) This clock select bit
is one of three supported by the 82C481.
For backwards compatibility to the 8514/A
standard CLKSELO appears here.

The IBM 8514/A supports only two clock
frequencies; 0 = 25.175MHz (640 x 480),
and 1 = 44.900MHz (1024 x 768 inter-
laced). The 82C481 supports 8 clock
frequencies through its extended clock select
bits in register EC3.

This CLKSELO bit in ADVFUNC_CNTL,
along with a second CLKSELO bit in
EC3[8], controls the selection of the
alternate video register sets if they are
enabled. The active CLKSELOQ data is that
written during the last write to one of these
two locations. EC3[8] always reads back
the current status of the active CLKSELO bit
(ie. from a write to either
ADVFUNC_CNTL or EC3) whereas
ADVFUNC_CNTL reads back the last data
written to it.

T-52-33-45

Alternate Video Register sets are an 82C481
extension of the 8514/A standard. They are
used to support alternate display timing
parameters (eg. 1024 x 768 non-interlaced)
transparently to the software when running

IBM 8514/A compatible code.
3 RSDVI1Reservedbit1 =0
15-4 Reserved (0)

WARNING: All write accesses to this
register will clear the Alternate Register Set
OVERRIDE bit (EC3[12]). This means that
a non-standard resolution driver must
rewrite register EC3 each time a write to
ADVFUNC CNTL is performed.

Revision 0.3
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. EXTENDED CONFIGURATION REGISTER 0 6 VME VGA Memory command Enable. If

(ECO)

Read at I!O Address 52E8h (Chips Extension)
Write at 1/O Address S2E8h (Chips Extension)
Byte or Word Accessible

15hahahi2hifid el 8] 71 s[5 [43] 2] 1[0

PTR

=

VMR

VME
CSE
ZWS
ABE

10B

20 PTR PIX_TRANS Memory Mapp dR
The PIX_TRANS register may b.av

Any memory accesses in the activated range 9
will be interpreted as a read/write to the
PIX_TRANS I/O register. '
PTR

2 1 0 Address Range™;

X X 1 0A0000- OAFFFF (64K)

X 1 X 0B0O00-OB7FFF (32K)

1 X X OB8000-OBFFFF (32K) 15-10

0 0 O Disabled (Dcfault)

Note: This memory mapping scheme is only
advantageous if Zero Wait State (ZWS) and
16-bit accesses (VMR) are enabled.

VMR Video Memory Range for MEMCS16/
decode. An unlatched address decode will
generate MEMCS16/ for each range:

VMR
5 4 3 Address Range
X X 1 0AO000-0AFFFF (64K)
X 1 X OBOO00-OB7FFF (32K)
1 X X 0B8000-0OBFFFF (32K)
0 0 0 Disabled (Decfault)

set, VMEMR/ and VMEMW/ signals will be
generated for accesses to the OA0000-
OBFFFF range and output instead of
CSEL1:0 on pins 96, and 97.

0 = Clock Select cata (Default)
1 = VMEMR/and VMEMW/

CSEClock Select Enable. Enables output on
pins 96, and 97 when in UISA system bus
interface mode. In all other bus interface
modes (ISA, and Microchannel) this bit has
no effect.

0 = Pins 96, and 97 Tti-state (Default)
1 = Output Enabled

ZWS Zero Wait State Enable. This bit
enables the open collector OWS pin for the
video mé mory ranges selected by PTR2:0.

Disabled (Default)
OWS enabled

“:Note: If your hardware implementation has

is pin connccted to the AT Bus OWS
signal, then this bit should be set during the
boot sequence to avoid accidental enabling
of an interrupt.

ABE Alternate Blank Enable. This bit
enables writing to the alternate blank
(overscan) registers (32E8-3AE8h).

0 = 3xE8h registers not accessible
(Default)
Alternate Blank registers writeable

at 3xE8h

I0B I/O Base Address for all non-VGA
decoded registers. These 6 bits are
compared with address lines A9:A4 to
determine an I/O address access. The
default is 101110b (xxxx xx10 1110 1xxx =
2E8-2EF). Due to the possible conflict with
ArcNet network cards mapping at 2E8h, the
82C481 is reconfigurable to another 1/O
space. A single I/O write to x2E8h should
not conflict with an ArcNet card if the I/O
write occurs before the ArcNet initialization
(ie. before its device drivers are executed).
All VGA cards perform I/0 accesses to
46E8h during the boot process and this has
no permanent effect cn these cards.

1

Warning: Whenever accessing any of the Extended Configuration registers, always preserve the state of the
reserved bits. These reserved bits may be defined for special function control in the future.
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EXTENDED CONFIGURATION REGISTER 1 WE3A:0A and CASO01/ pins. This permits
(EC1) display and drawing functions into a 2048 x
Read at 110 Address S6E8h (Chips Extension) 1024 x 4bpp frame buffer.
Write at 1/0 Address S0E8h ( Chips Extension) 3 WEN WE3A:0A/ and CASO1/ Enable. This
Byte or Word Accessible bit is latched on reset as the inverted value of
bfah il de sl 7T6[sTal3]21110] pin 104. . .
| 0 = 82C480 Compatible Operation
mg 1 = WE3A:0A/, CASO1/ Enabled
M4 When in 8bpp (normal) mode, WE3A:0A/
WEN mirror WE3:0/ respectively. In nibble mode
SSE (M4 = 1), each WE signal operates indepen-
FWE dently. In high color (16,24,and 32bpp)
YPAGEMODE modes, combinations of WE signals operate
FEN in parallel.
QFEN
TVI WEN| M4 |WEOA/ WE3A:1A/] CASO1/
PATTERN 0 X Z P4D2:0 y4
Laok0 | WEO  WE3:1 | CASO/
4 =1 Nibble WE's CASY/
E:Static Status Enable. There are 4 pins
PRE hich multiplex information required by the
2B484 support chip. They are CSEL2:0,
. and AF. For designs not using an 82B484,
0  M16 16-plane Pixel Depth. the VRAM bank access information may not

0 = Normal Operation
1 = 16bpp Operation

- subset of its drawing operations i
mode. These are described in de
High Color Drawing sectian ™.
Functional Description. )

1  M32 32-planc Pixel Depth. 5
0 = Normal Operation
1 = 32bpp Operation
The 82C481 drawing enginc supports a
subset of its drawing operations in 32bpp
mode. These are described in detail in the
High Color Drawing section of the
Functional Description. This setting is also
used for 24bpp modes.
2 M4 4-plane Pixel Depth. 6
0 = Normal Operation
1 = Nibble Mode Enabled
The 82C481 drawing engine supports a
4bpp mode when only 1MByte of memory
is installed (8 256Kx4 VRAMSs only). This
bit enables alternate definitions of the -

be needed. Therefore it is possible to
disable the multiplexing, leaving the clock
select status and AF permanently on these
pins. This eliminates the need to use an
external latch if only these signals are
required.

0 = Normal Operation (Default)
1 = Static Operation

FWE Flash Write Support Enable. The
FWE pin is always driven low after reset.
This bit in combination with CRS and FWS
bits of the MEM_CTRL register are used to
perform Flash Write VRAM special cycles
{(Flash Write or Color Register Set).

0 = FWE pin forced low
1 = VRAM Special Cycles Enabled

YPAGEMODE In frame buffer configura-
tions where there is more than one scan line
per row address this bit should be set. It
enables page mode cycles to occur when the
y-ordinate changes but not the row address.

0 =Y page mode disabled (default)
1 =Y page mode cycles enabled

FEN Frame Status Enable. External devices

Warning: Whenever accessing any of the Extended Configuration registers, always preserve the state of the
reserved bits. These reserved bits may be defined for special function control in the future.
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implementing a hardware cursor need to
know which frame is active when displaying
interlaced modes. FRAME, pin 104,
provides this information.

0 = FRAME tristate (default)
1 = FRAME enabled (O=even, 1=0dd)

8  QFEN Queue Full Enable. Implementations
which cache a display list require a simple
method for detecting space in the 82C481
queue. QF, pin 71, provides this infor-
mation in ISA modes only.

0 = QF tristate (default)
1 = QF enabled (0 = not full, | = full)

9  TVI Tristate VRAM Interface. External
devices needing to access the frame buffer
directly may tri-state the VRAM address,
data, and control signals.

0'= VRAM interface enabled (default) -
1 = VRAM interface disabled :

10 PATTERN Enables the 8x8 bit pattern

register and substitutes it for the.

0= Use PAT_L, PAT_H (defaulty..
1 = Use extended 8 x 8 pattern.:

13-11

NCLK DIVISOR In designs not using the

82B484, a synchronous 1/8 PCLK .signst-

ability to prescale the NCLK input so that
the CRT controller receives a 1/8 PCLK.

The prescale options are:
EC1 Prescale
12 11 10 Divisor Useage
0 0 0 1 4bpp (default)
0 0 1 2 8bpp
0 1 1 4 16bpp
1 1 1 8 32bpp

All other combinations are illegal and may
result in stopping the internal CRT nugget
clock. Register bits EC1[12:10] are cleared
on reset. The RAMDAC serial data "load
clock” may be connected directly to the
NCLK input of the 82C481. This register
must be set to restrict the internal 8-pixel
clock to-less than 32MHz. (Max NCLK
= 40MHz)

1B Swap Nibble. The Bt484/Bt485
AMDAC:s reverse the order of the nibbles
n 8:1 multiplexing mode. The 82C481 can

. internally swap its nibbles to arrange the data

in the VRAMs correctly. When in 4bpp
mode (M4=1) the pixel data is organized as
shown in the table below.

0 = Normal Ordering
1 = Bt484/Bt485 Swap Nibble order

r8nay got be available. All timing for:the 15§  PRE Palette Read Enable
2C480 is generated internally baséd oh the - :
NCLK inpli;t directly. For corr}llp:iﬁbi}ity, the (1) _ xgﬁ gﬁggg }%ggg gl;%t;é%d (Defaul)
82C481 expects to have a 1/8 PCLK signal
input. The 82C481 additionally has the
82C481 Internal Data Path External VRAM Interface
RAMDAC 82C481 (TLC34075) (B1484/Bt485) Write Enable CAS
Pixel Port Data Port SNIB =0 SNIB = 1 SNIB =0 SNIB = 1 SNIB = X
P(A) POD3:0 SD3:0 SD7:4 WEO/ WEOA/ CAS(/
P(B) POD7:4 SD7:4 SD3:0 WEQA/ WE/ CASY/
P(C) P1D3:0 SD11:8 SD15:12 WE1/ WE1A/ CAS(y
P(D) P1D7:4 SD15:12 SD11:8 WE1A/ WE1/ CAS0/
P(E) P2D3:0 SD19:16 SD23:20 WE2/ WE2A/ CAS01/
P(F) P2D7:4 SD23:20 SD19:16 WE2A/ WE% CAS01/
P(G) P3D3:0 SD27:24 SD31:28 WE3/ WE3A/ CASO01/
PAD P3D7:4 SD31:28 SD27:24 WE3A/ WE3/ CASQ1/

the RAMDAC used.

Note: The board routing for signals WE3:0 and WE3A:0A is dependent upon the 8:1 MUX data organization of
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EXTENDED CONFIGURATION REGISTER 2 by IBM conflicts with other cards in typical
(EC2) ISA bus systems. For this reason, it is
Read at 1/0 Address SAE8h (Chips Extension) recommended that the ROM space in 481-
Write at I!0 Address SAE8h (Chips Extension) based systems be configured for the default
Byte or Word Accessible addresses: C6000—C7FFFh in MC and
C8000—-C9FFFh in the ISA bus. For
i uhidolsl7Tels 14131 21 110l specific ROM mapping tables consult the
I-—L tables on the following page.
Reserved 5 ROMSIZE Indicates the size of the address
I space allocated in memory (starting at the
— base address indicated by ROMBASE
ROMBASE above).
G 0= 32K ROM address space
SBP 1 = 8K ROM address space (default)
]_ This bit is latched on reset from P4D5.
BANKS If a 32K physical ROM is implemented in an
SPN 8K address space, then the ROMPG2:0 pins
Reserved ¥e:connected to ROM address inputs
SBITDAC The upper 4K of the ROM space
- n be paged from any one of the eight
], -pages in the ROM. This is done via the

20 Reserved = 1. These bits &
reset from P4D2:0 and as*
defined usage. They each havg
pull-up resistors so they default to 1

P

OM_PAGE_SEL register. If an 8K
physical ROM is connected, ROMSIZE
should be selected as 8K and ROMPG2:0 do
not need to be connected. These bits may
then be used as general purpose outputs or
may be selected by the ROM PAGING bit as
transparent inputs for the MONITOR_ID

43 ROMBASE ROM Base defines the star bits
the 82C481 ROM address space in's ) o
memory (default = 11). The ROMPAGING This bit is latched on reset
latched on reset from P4D4: from P4D6.
address mapping is also dependant on 0 = ROMPG pins are inputs
ROMSIZE (below) and the type of system | — ROMPG bins are outputs
EC2 8K 32K If ROMPAGING = 1, after latching the
4 MC ISA MC ISA MONITOR_ID data on reset, the ROMPG
[0] [g] 5C3000  C6000  ODOO00 D000 pins then become outputs. If ROMSIZE is
also latched low on reset, then ROMPG pins
0O 1 0D8000 D8000 0D800O  DB00D always output the contents of
1 0 0C0000 CO0000 0C0000  CO000 ROM _PG_SEL[2:0]. If ROMSIZE = 1,
1 1 0C6000 C8000 0C8000  CB8000 then ROMPG pins output either address or
ROM_PG_SEL[2:0] as demonstrated in the
ROM page 0 always maps to the first 4K of paging table on the following page.
address space. If ROMPAGING = 0, then the ROMPG
Note: The VGA ROM takes up 32K bytes at pins become transparent inputs readable at
CO000—C7FFFh which conflicts with the SUBSYS_STAT[6:4]. This allows the
space used by the MC bus 8514/A detection of a monitor which was connected
(C6000-C7FFFh). Also, CAOOOh as used after power was switched on.
Warning: Whenever accessing any of the Extended Configuration registers, always preserve the state of the
reserved bits. These reserved bits may be defined for special function control in the future.
Revision 0.3 42 Advance Product Information  82C481

This Materi al

Copyrighted By Its Respective Manufacturer



CHIPS & TECHNOLOGIES INC SIE D MW 20981lb 0003898 D80 EECHP
T-52-33-45
. 7  8BP (8 Bit Planes). This bit is a copy of the 11 5PN 5-Pixel Nuggets. This bit is latched
read-only SPLANE bit in from WE4/ on reset. It determines whether
SUBSYS_STAT[7]. It is latched from the VRAM bank configuration is 4 or 5
P4D7 on reset. Configuration drivers pixels deep. It is necessary to program
written specifically for the 82C481 may MEM_CNTLI[0] = 1 in order to set the
write this bit, eliminating the necd for a 82C481 into 5-pixel nugget mode.
jumper. 12 Reserved (0)
0 = 4-bit planes 13 8BITDAC 8-Bit DAC Control. Latched
1 = 8-bit planes (default) from 8BITDAC on reset. .
9-8 BANKS Indicates the number of VRAM 0 = 6-bit
banks connected to the 82C481, 1 = 8-bit
00 = 1 bank
01 = 2 banks 15-14 Reserved (0)
10 = 3 banks .
- Note: The 82C481 mapping table shown below
11 = 4 banks (default) : demonstrates the address space mapping for
These bits are latched from pins CAS3/ and a default 481 MCA configuration. Paging in
CAS2/ on reset. When BANKS =01 or 11, the C7000—-C7FFFh range is chosen by
the data is always horizontally inte rlcavcd n=ROM_PAGE_SEL(2:0]. The value of 'n'
is_determined by the ROMPAGING bits.
10 IMB Indicates type of VRAMs used: ‘0L, efers to the lower 4KB of the 8KB
0 = 64Kx4 ~"ROM page 0; 'OH' refers to the upper 4KB
1 = 256Kx4 (default) f'that page.
This bit is latched from MAS oni
. System 481 MCA ROM
Address 8K ROM Page
, Address
C6000-C67FF ..~ N/A 0000-07FF OL
C6800-C6FFF +7800-7FFF 0800-0FFF 7H/OH
C7000-C7FFF n000-nFFF nO000-nFFF n
CAO000-CATFF 7000—77FF N/A 7L
( 85141/A and 481 ROM Map (MC Bus)
PABRERRR
System IBM ISA Typical ISA ROM
Address VGA ROM VGAROM Page
Address Address
CO000-CSFFF O-5FFF 0000-5FFF 0-5
C6000-C67FF N/A 6000-67FF 6L
C6800-CO6FFF 7800-7FFF 6800-6FFF 7H/6H
C7000-C7FFF n000-nFFF 7000-7FFF n/7
CAO00-CA7FF 7000-77FF N/A 7L
VGA ROM Map (ISA Bus)
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EXTENDED CONFIGURATION REGISTER 3 5§  ALRS Alternate Low Register Select. This
(EC3) bit controls write access to the Alternate Low
Read at 1/0 Address SEE8h (Chips Extension) group of Video Timing Parameter Registers.
Write at I/O Address SEE8h (Chips Extension)
Byte or Word Accessible 0 = Not selected (default)
1 = Selected
ERERTTORAEERERN0 This bit is set to initialize the Low-
L Resolution video parameters (640 x 480).
Multifunction This would generally only be done once
L | Control Register following power-up under the control of the
L | Read Index BIOS or device driver. It may be used to
AHRS customize the video timing for a specific
ALRS country or monitor type (eg. 72Hz. refresh).
——— AHRE Warning: This bit redirects write accesses to
QEEISSELO the alternate low registers. Enabling select

CLKSEL1
CLKSEL2
Reserved

OVERRIDE =

} MONITOR ID

3-0 Multifunction Control Register | [
These bits indicate which of“the, M
function Control [MFC] index regis

be read by a read access to BEE8h: When a

read is performed at BEESh, the index.bits =

[15:12] are undefined. e

4  AHRS Alternate High Register Select;: This
bit controls write access 1o thesAllernate

High group of Video Timing Parameter
Registers.

0 = Not selected (default)
1 = Selected

This bit is set to initialize th¢ High-
Resolution video parameters (1024 x 768).
This would generally only be done once
following power-up under the control of the
BIOS or a device driver. It may be used to
customize the video timing for a spccific
country or monitor type (¢g. non-interlaced
vs. interlaced).

Warning: This bit redirects write accesses to
the alternate high registers. Enabling select
bits AHRS and ALRS simultaneously
disables all accesses. Leave this bit clear
for normal operation. Standard 8514 appli-
cations should write to the normal registers.

bits AHRS and ALRS simultaneously
disables all accesses. Leave this bit clear
for normal operation. Standard 8514 appli-
cations:should write to the normal registers.

AHRE Aliernate High Register Enable. This
hit:enables the alternate High-resolution
o timing register set. When this bit is
set, a write to the ADVFUNC_CNTL
register with CLKSELO=1, will select the
alternate high registers for use when
generating video.

0 = Use normal video registers (default)
1 = Use Altemate High video registers

7  ALRE Altemnate Low Register Enable. This
bit enables the alternate Low-resolution
video timing register set. When this bit is
set, a write to the ADVFUNC_CNTL
register with CLKSELO=0, will select the
alternate low registers for use when
generating video.

0 = Use normal video registers (default)
1 = Use Alternate Low video registers

CLKSEL?2:0 Clock Select 2-0. There are
three sets of Clock Select bits maintained
internally by the 481. One sct each for
Alternate High, Alternate Low, and normal
video register sets. When one of the
Alternate Register Select bits is set, then the
CLKSEL bits corresponding to that alternate
set is visible (read/write) at this location. The
default on reset is the normal set. The
CLKSELO bit of the normal video register
set is always write accessible in the
ADVFUNC_CNTL register.

11 Reserved (0)

10-8

Warning: All writes to this register should be 8-bit. Due to the nature of the control bits in the lower byte,
simultaneous writes to the alternate CLKSEL bits would be indeterminate.
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OVERRIDE (default = 1)

0 = Do not override AHRE, ALRE
1 = Force normal video register set

This bit allows an 82C481 custom driver to
force the 481 to use the normal video
register set. That is, it overrides the
Alternate Register Enable bits since it is
using a video mode other than 640 x 480 or
1024 x 768.

This bit is reset on any writec to the
ADVFUNC_CNTL register. This is
necessary to avoid improper recovery when
a non-standard exit from an application
driver occurs. The 481 must always force
an unsuspecting program {(not a CHIPS 481

driver) to use the Alternate Video Register :

Set if one is enabled.

The implications of this reset is that if a higjh; =

resolution device driver
OVERRIDE should neced
ADVFUNC CNTL, then 1t musL. Imt

Altemate Register Enable bltS.

MONITOR ID If the MONITOR D bus ofs
the SUBSYS_STAT register arc-latched on-

reset (ROMPAGING = 1) then the:latche:
data may
EC3[15:13]). If ROMPAGING = 0 then the
ROMPG2:0 pins arc read trans;mrently at
SUBSYS_STATI[6:4]. Writing“these bits
has no effect on the data read”in the
SUBSYS_STAT register. The data read at
this location is the same data that is rcad at
SUBSYS_STAT[6:4]. Hence, if
ROMPAGING = 0, the data read back at
this location is not necessarily the data which
was written.

which uses.”
o write

be modified by writing ‘to_°

Registers

T-52-33-45
CURRENT Y POSITION REGISTER
(CURLY)
Read at I/O Address 82E8h
Write at I'/O Address 82E8h
Byte or Word Accessible
EREXTEERHRBABRNN

L_

—————— I Y Position
I Reserved

11-0

15-12

Y Position = Y coordinate of current
position (in pixels). The XY position is
relative to the top left corner of the display.
Each scan line displays X-coordinates O
through XMAX — 1. Each screen displays
Y-coordinates 0 through YMAX — 1.

Reserved (0)
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CHIPS Regiders

T-52-33-45
CURRENT X POSITION REGISTER DESTINATION Y POSITION REGISTER
(CUR_X) AXIAL STEP CONSTANT REGISTER
Read at 110 Address 86E8h (DESTY_AXSTP)
Write at I/O Address 86E8h Read at IJO Address SAESh (Chips Extension)
Byte or Word Accessible Write at I/O Address SAE8h
Byte or Word Accessible

a

fshapauhd o 8] 716l [4 1312 1o}

—

£

sidisn2iifidofsf716]514]3]2

"Ir;

+ X Position '———— I Y Destination/
Axial Step
Constant
" Reserved — AXSTPSIGN
- Reserved

11-0 X Position = X coordinate, of cur
position (in pixels). The XY" p051
relative to the top left comer of the'display.
Each scan line displays X-coordinates 0
through XMAX — 1. Each screen dlspla s
Y-coordinates 0 through YMAX - 1

Y-Destination. During BITBLT operations
this register is programmed to the destination
Y address (measured in pixels).

11-0 Axial Step Constant. During line drawing,
this register is programmed as the

Warning: In 5PN mode, bits 11, 1 ar re Bresenham constant 2*dminor (dminor is
remainder bits; 10:2 are the current X the length of the line projected onto the
position modulus 5. minor or dependant axis).
15-12 Reserved (0) 12 AXSTPSIGN Sign flag for Axial Step
Constant (should be set to 0 during BITBLT
operations).

15-13 Reserved (0)
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CHiro costers
T-52_
. DESTINATION X POSITION REGISTER ERROR TERM REGISTER 2 33-45
DIAGONAL STEP CONSTANT REGISTER (ERR_TERM)
(DESTX_DIASTP) Read at 1/O Address 92E8h
Read at /0O Address S8EE8h (Chips Extension) Write at 110 Address 92E8h
Write at 1/0 Address 8EESh Byte or Word Accessible
Byte or Word Accessible

54l 3fi2f th o o[ 8] 7Te[sT4]3] 2] 1l(l>:]

e
S

- X Destination/
Diagonal Step
Conslant

i
— DGSTPSIGN:

®

11-0

12

X-Destination. During BITBLT o
this register is programmed to the
X address (measured in pixels).

Diagonal Step Constant. During,
drawing, this register is programmed-as.{]
Bresenham constant 2*dminor - 2¥d@major
(dminor is the length of the lineprojected
onto the minor or dependant axis; dmajor is
the length of the line projected onto the
major or independent axis).

DGSTPSIGN Sign flag for Diagonal Step
Constant (should be set to O for BITBLT
operations).

15-13 Reserved (0)

] 14h3{12[11|1d918|7]6|5|4|3[2[110L|

- Initial Error term

I Reserved

15-13

i

Initial Error Term. This register is
programmed to the Bresenham initial error
term before a line drawing command is
issued. Its initial value is set to 2*dminor —
dmajor (dminor is the length of the line
projected onto the minor or dependant axis;
dmajor is the length of the line projected
onto the major or independent axis). During
the line draw, this register holds the current
state of the error term. When bit 12=1, it
causes the Bresenham logic to increment the
dependant axis (make a diagonal step).

Reserved (R/W)

These bits are read/write but do not
participate in the calculation of the error
term.
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Registers

MAJOR AXIS PIXEL COUNT REGISTER
RECTANGLE WIDTH REGISTER
(MAJ_AXIS_PCNT)

Read at /O Address 96E8h (Chips Extension)
Write at 1/O Address 96ES8h

Byte or Word Accessible

[shahh2hiid o8] 7T 6ls[al3] 2] 110l

Tt

- Major Axis Pixel
Count/Rectangle
Width

10-0 Major Axis Pixel Count holds
term dmajor for Bresenham ‘ling
(dmajor is the length of the projection
line to be drawn along the independent axis
This must be a positive number,
programmed value should be:

Major Axis Pixel Count = dm@aj

Rectangle Width holds the width of the
rectangle (in pixels) for BITBLT and
rectangle drawing commands.  The
programmed value should be:

Rectangle Width = Actual Width - 1
15-11 Reserved (0)

10-0

1,52*33’45
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WHirs Registers
. T-52-33-45
GRAPHICS PROCESSOR STATUS REGISTER 8 DATARDY indicates availability of variable
(GP_STAT) data from the PIX_TRANS register.
Read at 1/0 Address 9AESh 0=N d ad
Byte or Word Accessible = Nonew data ready

1 14hﬂlﬂlﬂld9|8]7[6[5]4]3[2[1|?}

— I Queue State

J
DATARDY
— BUSY

r Reserved

.

7-0 Queue State indicates th
positions available in the g
standard 8514/A command qucy
words deep. The 82C481 has a' .
deep queue. Queue State is nicknamed-th
thermometer register. It shows the n
of bytes available encoded linear
State = 0 if the queue is empty, -
82C481, Queue State = 1 if there ate at least
7 spaces available in the queue (there may be
as many as 15). Always test BUSY to
determine if the drawing engine is idle.

Queue State

76543210

00000000 = 16 words available
00000001 = 7-15 words available
00000011 = 6 words available
00000111 = 5 words available
00001111 = 4 words available
00011111 = 3 words available
00111111 = 2 words available
01111111 = 1 word available

11111111 = 0 words available-queuc full

Note: The 82C481 has a hardware status
pin, QF, dedicated to the queue
status. It may be used by tightly
coupled processors to feed the
82C481 with long command lists.
Refer to ECI1[8] for more
information.

1 =Data is ready to be read from the
PIX_TRANS register. This will
occur if a drawing command is
executed with WRTDATA=0 and
PCDATA=1. Itindicates that the next
pixel has been read from the display
buffer and may be read from the
PIX_TRANS register.

Note: If the CPU attempts to read
PIX_TRANS and there is no data
ready, then the 82C481 extends the
read cycle with I/0O CH RDY. If no
data becomes available within 256

CLK periods, then the 82C481

ases the bus and generates an

mal INVALIDIO interrupt.

“(Graphics Processor Busy)

= Not Busy
1 = Busy (currently executing a drawing
command).

—10 Reserved (0)
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CHIFES Registers
T-52-33-45
COMMAND REGISTER is used for those mixes (such as XOR)
(CMD) which would produce the wrong color if the
Write at 1/0 Address 9AE8h same pixel were drawn twice (e.g. at the end
Byte or Word Accessible of one polygon segment and at the start of
the next segment).
S as] s 7[e[514131 2] 110] For rectangles, this bit has different effects
depending on which rectangle command is
WRTDATA issued and also the state of the INC_X and
—— PLANAR INC_Y bits as listed below:
LASTPIX
LINETYPE CMD_RECT
DRAW INC_X =0 Leftmost column not drawn
INC_X INC_X =1 Rightmost column not drawn
YMAJAXIS} LINEDIR CMD RECTV1
INC_Y INC_Y =0 Top row not drawn
E;?TA INC_Y =1 Bottom row not drawn
CMD_RECTV2
Reserved No effect
BYTSEQ CMD,_BITBLT
Command ; : X =0 Leftmost column not drawn
ommane NC_X =1 Rightmost column not drawn

0 WRTDATA = Pixel write opey. uon '
0 =

Read operation (line, S
rectangle commands). €o)
execute normally exceptithat n
writes to memory arc performicd...
This can be used with rectdng,
commands to copy rectangular
blocks of the display bitmiap into
system memory.

Write operation. VRAM writes are
enabled for drawing command.

1 PLANAR defines the orientalion of the
display bitmap for most drawing operations.

0 = Through plane mode
1 = Across plane mode 4

Some rectangle drawing commands
disregard this bit and force Across planc
mode for increased speed. Rcading in
across planes mode is not supported in
16bpp, and 32bpp modes.

2  LASTPIX = Last Pixel Null

0
1

For line commands (CMD_LINE, SSV, or
CMD_LINEAF) the current position
(CUR_X, CUR_Y) is moved to the cnd of
the line but the last pixel is not drawn. This

1 =

Last pixel is drawn
Last pixel is not drawn

LINETYPE (Vector Enable).

0
1

When vector line drawing is enabled
(LINETYPE = 1) and a CMD_NOP issued,
writes to the SHORT_STROKE register
allow the specified vector to be drawn at the
current position. When LINETYPE = 1,
and a draw line command (CMD_LINE) is
issued, a vector of length
MAJ_AXIS_PCNT is drawn in the direction
specified by LINEDIR. Lines drawn with
LINETYPE = 1 are restricted to 45° angles.
Lines of any slope may be drawn using the
Bresenham drawing registers (LINETYPE =
0).

DRAW This bit is the equivalent of a pen
up/pen down flag on a plotter.

Enable Bresenham line drawing
Enable vector line drawing

0 = Marking disabled for line and
BitBlts. Current position is
moved, but no pixels are modified.

1 = Marking enabled.

Note: This bit should be set when
attempting to read or write bitmap
data.
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Registers
T-52-33-45
INC_X (X positive) This bit along with 1 = Pixel data transfer enabled. The
INC_Y (below) determine which quadrant drawing engine waits for

the slope of a line lies within. They also
determine the orientation for rectangle draw
commands. The upper left corner of the
screen is the origin (x,y = 0,0).

0 = Lines are drawn in ncgative X
direction (right to left).
1 = Lines are drawn in positive X
direction (left to right). 9

6 YMAJAXIS For Bresenham line drawing
commands, this bit determines which axis is
the independent or major axis. Biis INC_X,
and INC_Y define which quadrant the slope
falls within; this bit further defines the slope
to within an octant.

0 =
1 =

7 INC.Y _

INC_X (above) determine which quadrint

X is major (independent) axis.
Y is major (independent) axis.
(Y positive) This bit along :with..,__

the slope of a line lies within. They
determine the orientation for rectangié
commands. The upper left ¢o
screen is the origin (x,y = 0,0).. ~

0 =

Lines are drawn in the negdt
direction (up the screen)i:.
Lines are drawn in the positive: Y
direction (down the screen). |

LINEDIR When a line draw com
(CMD_LINE,) is issued with LINETYPE =
1, LINEDIR bits specify the angular di-
rection in which the line is to be drawn
(counterclockwise relative to the positive x-
axis). The length of the line is determined
by the MAJ_AXIS_PCNT register.

1 = 12

7-5

LINEDIR Angglar Direction
000 000°
001 o45°
010 00°
011 135°
100 180°
101 225°
110 270°
111 315°

8 PCDATA (Pixel Data Enable)
This bit is used to indicate that data is to be
read/written through the PIX_TRANS
register during the draw / SSV command.

. 0 = Pixel data transfer disabled

read/write of the PIX_TRANS
register for each pixel during a
draw operation. Depending on the
foreground and background source
select bits of the command issued,
this data is not necessarily used in
determining the actual pixel drawn.

16BIT 16-bit operation.

PIX_TRANS register is accessed
as an 8-bit register.

PIX_TRANS register is processed
intemally as two bytes in the order
specified by BYTSEQ (below).

> The IBM 8514/A does not handle
. 8-bit data transfer cycles properly
{0 the PIX TRANS register (IN
L,DX or OUT DX,AL). When
developing programs which must
execute on any IBM 8514/A or
compatible, only 16-bit 1/0 opera-
tions should be performed (IN
AX.DX or OUT DX,AX) to this
register.

11-10 Reserved (0)

BYTSEQ Byte Sequence affects both reads’
and writes of SHORT_STROKE and
PIX_TRANS registers when 16BIT = 1.

0 Take high byte first
1 Take low byte first

15-13 CMD Draw Command

111 = Tllegal

110 = CMD_BITBLT (Copy rectangle)

101 = CMD_LINEAF (outline)

100 = CMD_RECTV2 (Fast filled Y
direction rectangle)

011 = CMD_RECTV1 (Fill rectangle in Y
direction) )

010 = CMD_RECT (Fill rectangle in X
direction)

001 = CMD_LINE

000 = CMD_NOP (This should be used
when drawing SSVs)

CMD_LINEAF and hardware fill
commands do not function
correctly in 16bpp and 32bpp
modes.

Note:
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Registers

WHirs

SHORT STROKE VECTOR TRANSFER REGISTER
(SHORT _STROKE)

Read at I'0O Address 9EE8h (Chips Extension)

Write at I/O Address 9EESh

Byte Accessible (16BIT=0)

Byte or Word Accessible (16BIT=1)

ishalish2h iidols]7ls[s141312l1]0]

r LENGTH

SSVDRAW

- VECDIR

- LENGTH

Ssv DRAW?

3-0 LENGTH=
major axis (this is also the numbe
drawn). The current position’ ‘
moved LENGTH pixels from its “starti
value. A LENGTH of 0 leaves the current”
position unchanged. :

4 SSVDRAW

0 = Don't write pixels
1 = Write pixels

7-5 VECDIR Vector Direction indicaics the angle
(measured counter-clockwise from
horizontal right) at which the lin¢ is drawn.

VECDIR Angular Direction
000 000°
001 045°
010 090°
011 135°
100 180°
101 225°
110 270°
111 315°
15-8 The lower 8 bits are duplicated in the upper

8 bits of the register so that two SSV
commands may be issued simultaneously.
These vectors are then executed in the order
specified by BYTSEQ (CMD[12}).

T-52-33-45

WARNING: The high byte of SHORT_STROKE
must always be written in order for the
command to execute. This means that
if a byte write is performed to 9EE8h,
it must be followed by a byte write to
9EE%h before the drawing engine will
start. This register functions
independent of the state of the 16BIT
field in the CMD register.

This is identical to the way in which
the IBM 8514/A functions and is
duplicated in the 82C481 for compati-
bility. The IBM Adapter Interface (Al)
appears 1o always communicate with
the 8514/A SHORT_STROKE register
using 16-bit I/O instructions.

It is always possible to pad a single
S8V instruction with a NUL byte.
5. drawing engine recognizes an
SV with LENGTH = 0 and
'SSVDRAW = 0 as a NOP.
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T-52-33-45
. BACKGROUND COLOR REGISTER There are separate modulo-n counters for all
(BKGD_COLOR) variable depth registers.
Write at I/O Address A2ESh

Byte or Word Accessible 8-15  Reserved (0)

wshah3h2hihdofsf7]e[sT4]312T110

Waming: During drawing commands, A2E8h
returns PIX_TRANS register data and
performs as if a read were made to the
PIX_TRANS register. This is required
for IBM 8514/A compatibility.

The BKGD_COLOR register is writable at
AZE8h whenever GPBUSY = DATARDY
= 0 or when PCDATA = 0. Otherwise,
dun'ng drawing cornmands with PCDATA
=1, a write to A2E8h functions as a write
to the PIX_TRANS register.

]

Ilr,‘

- Background Color

[ Reserved

oregrou

Color Mix is selected and FSS—OO L)
‘ Background Color Mix is ‘sel
BSS=00. k

When in 16bpp mode the background S
register is 16-bits deep. It is loaded ;
consecutive 8-bit I/O write,
BKGD_COLOR register. T

segments of the 16-bit color register
correctly. The extended color register is
mapped P(A), P(B). Any writc to EC1,
active command, hardware reset or software
reset will clear the modulo-2 counter.

In 32bpp mode the background color
register is 32-bits deep. Four I/O writes are
required to write all 32-bits of this register.
There is an internal modulo-4 counter to
address the segments of the 32-bit color
register correctly. The extended color
register is mapped P(A), P(B), P(C), P(D) .
Any write to EC1, active command,
hardware reset or software reset will clear
the modulo-4 counter. This is useful for
24bpp modes in which only P(A), P(B), and
P(C) are displayed. In this case, only 3 I/O
writes are necessary. The modulo-4 counter
will be reset when the associated command
becomes active.
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FOREGROUND COLOR REGISTER
(FRGD_COLOR)

Write at 1/O Address AGESh

Byte or Word Accessible

hiahafizhaidolsl7lels14l3l2]1

—

o il

-

- Foreground Color

 Reserved

70

Foreground Color. This is the
for writing pixels where the Foregrol
Color Mix is selected and ESS=01

register is 16-bits deep. It is loade
consecutive 8-bit I/0O write
FRGD_COLOR register.
internal modulo-2 counter to addtess the
segments of the 16-bit color register
correctly. The extended color register is
mapped P(A), P(B). Any write to EC1,
active command, hardware resct or software
reset will clear the modulo-2 counter.

In 32bpp mode the foreground color register
is 32-bits deep. Four I/O writes are required
to write all 32-bits of this registcr. There is
an internal modulo-4 counter to address the
segments of the 32-bit color register
correctly. The extended color register is
mapped P(A), P(B), P(C), P(D) . Any
write to EC1, active command, hardware
reset or software reset will clear the modulo-
4 counter. This is useful for 24bpp modes
in which only P(A), P(B), and P(C) are
displayed. In this case, only 3 I/O writes are
necessary. The modulo-4 counter will be
reset when the associated command becomes
active.

Registers
T-52-33-45
There are separate modulo-n counters for all

variable depth registers.
8-15 Reserved (0)

Warning: During drawing commands, A6E8h
returns PIX_TRANS register data and
performs as if a read were made to the
PIX_TRANS register. This is required
for IBM compatibility.

The FRGD_COLOR register is writable at
A6E8h whenever GPBUSY = DATARDY
= 0 or when PCDATA = 0. Otherwise,
during drawing commands with PCDATA
= 1, a write to A6E8h functions as a write
to the PIX_TRANS register.
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CRIFS TR Regsen
' WRITE MASK REGISTER left untouched. The modulo-4 counter is
(WRT_MASK) then reset when the associated command
Read at I/0 Address AAESh (Chips Extension) becomes active. \
Write at 1/O Address AAESh
Byte or Word Accessible ﬁgﬁ:ﬁ&mrgg;‘e‘?gum’n counters for all
(stiah 3 o[8T7Tels 413121110} 15-8 Reserved (0)
L Note: WRT_MASK has some special functions
during area fill operations. Refer to the
‘ discussion of the PLANEMODE bits with
) respect to area fill described in the Drawing
F Write Mask Operations section of this manual.
Warning: Fill operations only function correctly in
J 4bpp and 8bpp modes. Performing a fill

I Reserved

7-0

Write Mask is used to prey.
being modified in specific plan

0 = Disable modifying plane
1 = Enable modifying plane

The Write Mask is 8-bits deep in sta
(8bpp) modes and in 4bpp modes. ...
When in 16bpp mode, the Write M 16-
bits deep. It is loaded as two consegutive 8-
bit I/O writes to the WRT_MASK register.
There is an internal modulo-2 counter to
address the segments of the 16-bit Write
Mask register correctly. The extended Write
Mask register is mapped P(A), P(B). Any
write to EC1, active command, hardware
reset or software reset will clear the modulo-
2 counter.

In 32bpp mode the Write Mask is 32-bits
deep. Four I/O writes are required to write
all 32-bits of this register. There is an
internal modulo-4 counter to address the
segments of the 32-bit Write Mask register
correctly. The extended Write Mask register
is mapped P(A), P(B), P(C), P(D) . Any
write to EC1, active command, hardware
reset or software reset will clear the modulo-
4 counter. This is useful for 24bpp modes
in which only P(A), P(B), and P(C) are
displayed. In this case, only 3 I/O writes are
necessary. The fourth (P(D)) byte mask is

in 16bpp or 32bpp modes may produce
undesireable results.
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READ MASK REGISTER 2 counter.
(RD_MASK) In 32bpp mode the Read Mask is 32-bits
Read at 110 Address AEESh (Chips Extension) deep. Four I/O writes are required to write
Write at 1/0 Address AEESh all 32-bits of this register. There is an
Byte or Word Accessible internal modulo-4 counter to address the
segments of the 32-bit Read Mask register
z p correctly. The extended Read Mask register
bshahafizide]8l7Tels[413]2] IIT_]- is mapped P(A), P(B), P(C), P(D) . -Any
L_ write to EC1, active command, hardware
reset or software reset will clear the modulo-

E— 4 counter.

— Only the P(A) Write Mask can be read back.
[ Read Mask There are separate modulo-n counters for all
variable depth registers.

i Warning: When performing a fill operation with

I Rescrved

7-0 Read Mask is primarily
performing bounded fill "¢
(PIX_CNTL[2]=1). RD_MASK &
following operations:

— Fill operations using CMD_RECT
Fill operations using CMD_BITBLT"
— Reading data in Across Plane-Mode

— Monochrome to color exparisions

RD_MASK is used to allow bit 1;:iancs to
participate in any logical or arithmetic mix:

0 = Allow plane to be read
1 = Prevent plane from being read

The effect of setting Read Mask = 0 for non-
contiguous ranges of bits when an arithmetic
mix is selected is undefined. This is because
carry bits may propagate to bits (planes)
which are masked by Read Mask.

The Read Mask is 8-bits deep in standard
(8bpp) modes and in 4bpp modcs.

When in 16bpp mode, the Read Mask is 16-
bits deep. It is loaded as two consecutive 8-
bit I/O writes to the RD_MASK register.
There is an internal modulo-2 counter to
address the segments of the 16-bit Read
Mask register correctly. The extended Read
Mask register is mapped P(A), P(B). Any
write to EC1, active command, hardware
reset or software reset will clear the modulo-

PLANEMODE = 11, this register must
contain a non-zero value even though it is
not directly used for either the Boundary
Mask:6x the Plane Mask.

[Fill.operations only function correctly in
p and 8bpp modes. Performing a fill
16bpp or 32bpp modes may produce
undesireable results.

.Rescrved ()]

RD_MASK has some special functions
during area fill operations. Refer to the
discussion of the PLANEMODE bits with
respect to area fill described in the Drawing
Operations section of this manual.
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Registers

. COLOR COMPARE REGISTER
(COLOR_CMP)
Read at 1/0 Address B2E8Sh (Chips Extension)
Write at /O Address B2ESh
Byte or Word Accessible

1543 olsl7TelsTa 312 1]o]

- Color Compare

I Reserved

7-0  Color Compare defines an 8-bil color whic

is compared to the destination data. during

. BitBlts. The arithmetic comparisoniio be
used (<,>,=,true, false, etc..) is spegificd by:

the COLCMPOP bits of the PIX* CNTL

register IMFC[A][5:3]). :

If the result of the comparison istru¢; the
destination data is left unchangced. “This is
like the transparency conccpt used by
Microsoft Windows, but with t(wo
differences:

1. The comparison is gencralized to
include more than just an cquality test.

2. The comparison is with the destination
data, not the source. IBM refers to this
type of comparison as undcrpaint.
PLANEMODE and DRAW can affect
the Color Compare.

The Color Compare Register is 8-bits decp
in standard (8bpp) modes and in 4bpp
modes.

When in 16bpp mode, the Color Compare
Register is 16-bits deep. It is loaded as two
consecutive 8-bit I/O writes (o the
COLOR_CMP register. There is an internal
modulo-2 counter to address the segments of
the 16-bit Color Compare register correctly.
. The extended register data is compared

T-52-33-45

against pixels P(A), P(B) and P(C), P(D).
Any write to EC1, active command,
hardware reset or software reset will clear
the modulo-2 counter.

In 32bpp mode the Color Compare register
is 32-bits deep. Four I/O writes are required
to write all 32-bits of this register. There is
an internal modulo-4 counter to address the
segments of the 32-bit Color Compare
register correctly. The extended register data
is compared against P(A), P(B), P(C),
P(D). Any write to EC1, active command,
hardware reset or software reset will clear
the modulo-4 counter.

There are separate modulo-n counters for all
variable depth registers.

arning: In 16bpp and 32bpp modes, only the "="

COLORCMPOP will function correctly.
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BACKGROUND MIX REGISTER

(BKGD MIX)

Read at I/O Address B6E8h (Chips Extension)
Write at I/O Address B6ESh

Byte or Word Accessible

kshahnAihofofs716[5]4] 312111?_1

6-5

- BACKMIX

I BSS

F Reserved

BACKMIX The background mix define:

supported in the high color 16bpp and
32bpp modes. Options also exist for sum,
average, and difference mixes to include
saturation (no sum can be greater than OFFh,
and no difference can be less than 0). This
prevents visually undesirable effects when
these mixes are selected.

BSS Background Source Select

BSS Source Selected

00 Background Color

01 Foreground Color

10 Pixel data (PIX_TRANS)
11 Bitmap data

Pixel data may be supplied pixel by pixel
(through plane mode) or nugget by nugget
(across plane mode). This permits data
transfer-.between the screen and system
1y “8See PIX_TRANS register.
ap=data is the source data from the
lay buffer. The result of doing a line
draw or SSV with this source selected is
ndefined. It is primarily used for BitBlt

‘operations.

40

the mix or raster op to be uscd in drawing Reserved (0)
operations. It is analogous:.to “the
Foreground Color Mix. One of*thicse two In the table below, the destination (DST)
mixes is selected for each pixel in thé'curren operand is always the bitmap destination
nugget based on the PIX_CNTL register: data, but the source (SRC) operand has four
All 16 logical mixes, and five arithmetic possible sources selected by the BSS bits.
mixes (sum, difference, min, max; and There are only 30 unique mixes (24-25, and
average) are supported in 4bpp ‘and 8bpp 28-29 are duplicates).
modes. Only the logical miXxes are

BACKMIX |Result BACKMIX [Result

00 0 0 O|notDST T 0 0 O O[min (SRC, DST)

0 0 0 0 1]0((false) 1 0 0 0 1{DST-SRC with underflow

00 01 0f1(true) 1 0 0 1 O|SRC-DST with underflow

00 01 1|DST 1 0 0 1 1|SRC+DST with overflow

00 1 0 O|notSRC 1 0 1 0 O}max(SRC, DST)

0 0 1 0 1|[SRCxorDST 1 0 1 0 1|(DST-SRC)/2 with underflow

0 0 1 1 0jnot(SRC xor DST) 1 0 1 1 O|(SRC-DST)/2 with underflow

0011 1|SRC 1 01 1 1[(SRC+DST)/2 withoverflow

01 0 O O|not(SRC and DST) 11 0 0 0|DST-SRC with saturate

01 0 0 1}|notSRC)or DST 1 1 0 0 1|DST-SRC with saturate

01 01 O|SRCor (not DST) 1 1 0 1 O|SRC-DST with saturate

01 01 1|SRCorDST 1 1 0 1 1]SRC+DST with saturate

01 10 O0[SRCandDST 1 1 1 0 O[(DST-SRC)/2 with saturate

01 1 0 1|SRC and (not DST) 1 1 1 0 1{(DST-SRC)/2 with saturate

01 1 1 OfotSRC)and DST 1 1 1 1 0|(SRC-DST)/2 with saturate

01 1 1 1jnot(SRCorDST) 11 1 1 1[(SRC+DST)/2 with saturate

Revision (.3 58 Advance Product Information 82C481

This Material Copyrighted By Its Respective Manufacturer



CHIPS & TECHNOLOGIES INC

S51E D

B 209811k 0003914 053 ERCHP

Registers

FOREGROUND MIX REGISTER

(FRGD_MIX)

Read at I/0 Address BAESh (Chips Extension)
Write at I/O Address BAESh

Byte or Word Accessible

pshaiidihol o[ 8]716[5]4]3]2]1

- FOREMIX

- FSS

- Reserved

6-5

T-52-33-45

supported in the high color 16bpp and
32bpp modes. Options also exist for sum,
average, and difference mixes to include
saturation (no sum can be greater than OFFh,
and no difference can be less than 0). This
prevents visually undesirable effects when
these mixes are selected.

FSS Foreground Source Select

FSS Source Selected

00 Background Color

01 Foreground Color

10 Pixel data (PIX_TRANS)
11 Bitmap data

Pixel data may be supplied pixel by pixel
(through plane mode) or nugget by nugget
(across plane mode). This permits data
transfer- between the screen and system
““8ee PIX_TRANS register.

ap~data is the source data from the
lay buffer. The result of doing a line

vdraw or SSV with this source selected is

defined. It is primarily used for BitBlt

40 FOREMIX The foreground ,m_lx deﬁncsl ] operations.
mix or raster op to be used”in dr: 5-7 Reserved (0)
G :
® Background Color Mix.. One of thees In the table below, the destination (DST)
mixes is selected for each pixcl in the curre operand is always the bitmap destination
nugget based on the PIX_CNTL regmer . data,_ but the source (SRC) operand has fc_>ur
All 16 logical mixes, and five arithy possible sources selected by the FSS bits.
mixes (sum, difference, min, max;’ “and There are only 30 unique mixes (24-25, and
average) are supported in 4bpp and 8bpp 28-29 are duplicates).
modes. Only the logical mixes are
FOREMIX |Result FOREMIX [Result
0 0 0 0 O[not DST 1 0 0 0 O]min (SRC, DST)
0 0 0 0O 1|0(false) 1 0 0 0 1}jDST-SRC with underflow
0 001 Ofl1 (true) 1 0 0 1 O|SRC-DST with underflow
0 001 1|DST 1 0 0 1 1|SRC+DST with overflow
0 01 0 OjlnotSRC 1 01 0 O|max (SRC, DST)
0 01 0 1|SRCxorDST 1 01 0 1|(DST-SRC)/2 with underflow
0 01 1 O)not(SRC xor DST) 1 01 1 0|(SRC-DST)/2 with underflow
0 011 1[|SRC 1 01 1 1KSRC+DST)/2 with overflow
0 1 0 0 O|not(SRC and DST) 1 1 0 0 O|DST-SRC with saturate
010 0 1{motSRC)orDST 1 1T 0 0 1|DST-SRC with saturate
01 01 O|SRCor(not DST) 1 1 0 1 O|SRC-DST with saturate
0101 1(SRCorDST 1 1 0 1 1|SRC+DST with saturate
0 110 O[SRCand DST 1 1 1 0 O|(DST-SRC)/2 with saturate
0 1 1 0 1|SRCand (not DST) 1 11 0 1{(DST-SRC)/2 with saturate
0111 O0|notSRC)and DST 1 1T 1 1 O[SRC-DST)/2 with saturate
. 0111 1|not(SRCorDST) 1 1 1 1 1|(SRC+DST)/2 with saturate
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Registers

MULTIFUNCTION CONTROL INDEX REGISTER
(MULTIFUNC_CNTL)

Read at I/0 Address BEESh (Chips Extension)

Write at 1/0 Address BEESh

Byte or Word Accessible

—
(=

[shaiahizhiidolsl7lels141312

- Multifunction
Control
Register Data

gl
bemg written to. This data field is d ;]
for each of the indexed registers in
to follow.

The 82C481 also allows these registérs to be
read. The index of the register to read is
written to EC3[3:0] (Multifunction Control
Register Read Index), then the register data
is read from the least significant 12 bits at
this register address (BEE8h); bits 15:12 are
undefined.

15-12 INDEX indicates which Multifunction
control sub-register is currently being
written to.

T-52-33-45

MINOR AXIS PIXEL COUNT REGISTER
(MIN_AXIS_PCNT)

(MFC0))

Read at 1/O Address BEESh (Chips Extension)
Write at 1/0 Address BEESh

Byte or Word Accessible

6[5[a3]2[1]0]

=

hdizhiifidols}7

- Minor Axis Pixel
Count

Reserved

- INDEX

100 Minor Axis Pixel Count is used to define the
height for BITBLT and rectangle
commands. The actual height is:

Minor Axis Pixel Count + 1
11 Reserved (0)
15-12 INDEX = 0000
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. TOP SCISSORS REGISTER
(SCISSORS _T)
(MFC[1])
Read at 110 Address BEESh (Chips Extension)
Write at I/O Address BEESh
Byte or Word Accessible

ishafidiiihofo]s[716[s[al3[2]1]0]

11-0 Top Scissors is the minimum,
value for the scissors rectangle.

15-12 INDEX = 0001

Registers
T-562-33-45

LEFT SCISSORS REGISTER
(SCISSORS L)
(MFC[2))
Read at 1/0 Address BEE8h (Chips Extension)
Write at 1/O Address BEESh
Byte or Word Accessible
1514h 31 2h tifo[ 8] 7] 6] 51413211 0]

[t :

[ Top Scissors —————————F Left Scissors
J- INDEX

1-0 Left Scissors is the minimum X coordinate
value for the scissors rectangle.

15-12 INDEX = 0010
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WHira cgisters
T-52-33-45

BOTTOM SCISSORS REGISTER RIGHT SCISSORS REGISTER

(SCISSORS _B) (SCISSORS_R)

(MFC[3)) (MFC[4])

Read at I/0 Address BEESh (Chips Extension) Read at I/0 Address BEESh (Chips Extension)

Write at 1/0O Address BEESh Write at /O Address BEESh

Byte or Word Accessible Byte or Word Accessible

[shai i Afio[ol8[7T6Is14l3]21110]

I Bottom Scissors

11-0 Bottom Scissors is the maxim
coordinate value for the scissors gle.

15-12 INDEX = 0011

EEEERERRHERAREA 1[%

- Right Scissors

- INDEX

FI-0 Right Scissors is the maximum X coordinate
value for the scissors rectangle.

15-12 INDEX = 0100
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. MEMORY CONTROL REGISTER bits are re-interpreted when 1Mbit VRAMs
(MEM_CNTL) are used to maintain software compatibility
(MFC[S]) with the IBM 8514/A (which used 256Kbit

Read at I/0O Address BEESh (Chips Extension)
Write at 1/0 Address BEESh

Byte or Word Accessible
tshalishohahofofsl7lelsTal3]2]1]0]
K
HORCFG
— I VRTCFG
BUFSwP
FWS
— CRS

[ Reserved

horizontal direction. The interd
results in the following:

HORCFG Interleave
00 4
01 5
10 8
11 10
Note: This table is only valid for 256K

VRAMs. For a complete table
relating Interleave factors for 1M
VRAMs, see the Initiali-
zation/Configuration chapter of the
Functional Description.

HORCFG = 10 always for IBM 8514/A
compatible modes. For the 82C481, only the
last two values, 10 and 11 are of interest.

VRTCFG specifies the amount by which to
divide the Y coordinate internally when
addressing different memory configurations.
These bits also determine the bank interleave
factor in the Y (vertical) direction. These

3-2

VRAMSs). These bits are related to the
number of VRAM banks in the system.
The number of installed banks may be
determined by reading EC2[9:8] (BANKS).
When 8BP = 0, writing VRTCFG = 00
invokes Pseudo §-Plane mode (PS8).
Wwriting VRTCFG # 00 deactivates PS8

mode.
VRTCFG _ VRAM Banks
00 0.5 -
01 1
10 2
11 4

VRTCFG = 01 is the 8514/A standard value
§.cither 4- plalrles or 8-planes deep).

ar always programmed to the same value as
¢ MEM_CFG bits of the DISP_CNTL
register. They determine the number of scan
lines per row address.

BUFSWP is used to select planes when in
Pseudo 8-plane (PS8) mode:

0 = select buffer O (lower 4 planes)
1 = select buffer 1 (upper 4 planes)

BUFSWP = 0 when not in PS8 mode.

5§ FWS Flash Write Cycle Select. When
FWS = 1 and FWE (EC1[5]) = 1, the FWE
pin initiates a Flash Write cycle (with Write
per Bit masking) on the entire VRAM row
(512 bits). This is the fastest way to clear
the screen to a specified color. Use a RECT
command of width

(32/BPP) * (BANKS[0]+1).

§ CRS Color Register Set Cycle. When this
bit is set and FWE (EC1[5]) = 1, the current
drawing operation writes data to the VRAM
color register rather than the memory. The
VRAM color register stores the value which
is used during Flash Write cycles. Use any
drawing command which will perform
VRAM write cycles to all of the VRAMs in
all banks (eg. a RECT command of the same
width defined above for Flash Write
Cycles).

11-7 Reserved (0)

15-12 INDEX = 0101
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Registers

FIXED PATTERN LOW REGISTER
(PATTERN L)

(MFCI8])

Read at /O Address BEESh (Chips Extension)
Write at 1/0 Address BEESh

Byte or Word Accessible

Shah iAo ol s[716lsT41312]1]0]

FMask Low

Pattern
Array

1 I l

- Reserved

T-52-33-45

array data is used to select foreground or
background mix.

0 = select BACKMIX
1 = select FOREMIX

The bits are in left to right order as they
would appear on the display:

7 = pixel 0 (leftmost on the screen)
6 = pixel 1

1=pixel 6
0 = pixel 7 (rightmost on the screen)

The pattern data is destination aligned. The
pattern data is vertically aligned such that the
least significant 3 y-ordinate address bits
select the pattern register row. The pixels
are jzontally aligned within a double
nugget. (8 pixels) such that the least signif-
icant 3 bits of x-ordinate selects the x pattern

_A’further explanation of the Pattern Array

unction is contained in the Drawing
Operation section of the Functional
Description.

40
Waming: The Pattern Array only works in 4
pixel nugget operation with
foreground or background mix. Ma VRTCFG = 00 or 01.
applies to even numbered nugget
lgflt)most on the screen); Masglf 11-5 Reserved (0)
applied to odd numbered nuggets: 15-12 INDEX = 1000
0 = select BACKMIX
1 = select FOREMIX
The bits are in left to right order as they
would appear on the display:
4 = pixel 0 (within a nugget)
3 = pixel 1
2 =pixel 2
1 = pixel 3
0 = pixel 4 (if SPN mode)
7-0 Pattern Array. When PATTERN (EC1{10])
= 1, the 8 x 8 pattern array is loaded by 8
consecutive I/O writes to this location.
There is an internal modulo-8 counter which
directs data into the 8 x 8 array. The
modulo-8 counter is cleared by an 1/O write
to EC1, an active command, a hardware
reset, or a software reset.
The pattern array data is used to select the
mix on a pixel by pixel basis. If MIXSEL =
01 and PATTERN = 1, then the pattern
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CHIFS Regier

. FIXED PATTERN HIGH REGISTER T-52-33-45
(PATTERN_H)
(MFCI[9])
Read at 1/0 Address BEESh (Chips Extension)
Write at 1/O Address BEESh
Byte or Word Accessible

1shali i oh o o] 81716 [5T413[2T1]0]

- Mask High

4-0 Mask High is used to select:]
. pixel by pixel basis. If MIXSE]
the pattern registers are used
foreground or background mix. Mask Hit
applies to odd numbered nuggets
leftmost on the screen); Mask Lo
to even numbered nuggets.

0 = select BACKMIX -
1 = select FOREMIX

The bits are in left to right order as they
would appear on the display:

4 = pixel 0 (within a nugget)
3 = pixel 1

2 = pixel 2

1 = pixel 3

0 =pixel 4 (if SPN mode)

Note: The PATTERN_H register is not used
when the pattern array is enabled.
11-5 Reserved (0)

15-12 INDEX = 1001
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PIXEL CONTROL REGISTER 5-3 COLCMPOP (Color Comparison Operation)
(PIX CNTL) These bits determine the comparison
(MFCIA)) operation performed on each pixel.

Read at /0 Address BEESh (Chips Extension)
Write at I/O Address BEESh
Byte or Word Accessible

Eshdididuhid ol 817TelsI41 312 110]
l_'—— INASPN

— [ PLANEMODE

- COLCMPOP

-} MIXSEL

" Reserved

0 INASPN (Intra-Nugget Alignment)
Determines the modulus for alighiner
BitBlt data in the internal data buffef..

0 = Modulus 4 (4PN)
1 = Modulus 5 (S5PN)

2-1 PLANEMODE

0 0 = Nommal Operation
0 1 = Indeterminate
1 0 = Fill area using RD_MASK as

boundary mask. Does not fill
second edge of boundary. Plane
Mask is a mixture of RD_MASK
and WRT_MASK.

Fill area using WRT_MASK as
boundary mask. Does fill second
edge of boundary. Plane Mask is
WRT_MASK (although RD_MASK
must be non-zero for correct
operation).

11

Note: For a complete description of area fill and
the interactions of the PLANEMODE bits
and masks, refer to the Area Fill discussion

in Drawing Operations.

Warning: Area Fill operations only function in 4bpp
and 8bpp modes.

COLCMPOP Operation

False (always write DST)
True (never write DST)
DST >= COLOR_CMP
DST < COLOR_CMP
DST # COLOR_CMP
DST = COLOR_CMP
DST <= COLOR_CMP
DST > COLOR_CMP

—t et e OO OO
ek (DO == OO
—_—O—=O—=0O O

Only False (000) and 'DST = ' (101)
function correctly in 16bpp and 32bpp
modes.

MIXSEL (Mix Select)

00 ‘OREMIX is always used

: .PATTERN_L,PATTERN_H select
mix if PAT (EC1[10]) =0. Pattern
array selects mix if EC1[10]=1. (1
= FOREMIX, 0 = BACKMIX)
Variable pixel data (from
PIX_TRANS) selects the mix (1 =
FOREMIX, 0 = BACKMIX).
SRC selects the mix (used to
implement transparency during a
BITBLT command).

11-8 Reserved (0)
15-12 INDEX = 1010

—
—
I
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Registers

PIXEL DATA TRANSFER REGISTER
(PIX_TRANS)

Read at I/O Address E2ESh

Write at I'O Address E2ESh

Byte Accessible (16BIT=0)

Byte or Word Accessible (16BIT=1)

s h 2 fid o[ 87 6] 5[2]312]1]0]

- Pixel/Plane Data

15-0 Pixel/Plane Data In through p
(PLANAR=0), bits 7:0 and 15:8.map-
bit planes 7:0 of an individual 8:bit pix
(PnD7:0).
(PLANAR=1), bits 4:0 and 12:8 maj

The PIX_TRANS register can be used to
allow data reads or writes to the display
buffer. It can also be used 10 apply any
arbitrary pattern during BITBLT or LINE
drawing operations (4bpp or 8§bpp mode
only).

For high color modes, the only support for
pixel data is through the CMD_RECT
command (X-direction rectanglc). Through
Plane operation functions at all pixel depths.
Across plane mode writes also function as
expected. Across Plane reads only function
in 4bpp and 8bpp modes.

The high color modes (16bpp and 32bpp)
also have the restriction that they can only
function with 16BIT=1 (ie. 16 bit accesses
to the PIX_TRANS register). The pixel data
order is similar to the 8bpp order in both
modes. The byte order of the PIX_TRANS
high/low bytes is still controlled by
BYTSEQ. In 32bpp mode the [irst two

In across plancs mode

T-52-33-45

bytes go to P1D7:0 and POD7:0. The
second two bytes go to P2D7:0 and P3D7:0.
In 16bpp mode the PIX_TRANS data goes
to one of the two byte pairs.

In across plane mode the 8 active bits (12:9,
4:1) still control 8 pixels. (The number of
bytes drawn and thus the number of memory
cycles required is 2 or 4 times as many).

WARNING: PIX_TRANS data functions only in

CMD _RECT if M16=1 or M32=1.
WARNING: The type of data transfer operation
performed depends upon the state of
the 16BIT bit in the CMD register.
The IBM 8514/A actually only
functions correctly when 16 bit 1/0
transfers are performed. The useful
1tq transferred however does depend
OBIT. That is, if 16BIT=0, then
n-IN AX,DX reads 8 bits of valid
.data on the low data bus (AL) and no
valid data on the high data bus (AH).
Although an IN AL,DX to E2E8h will
read the correct data, it does not clear
the DATARDY bit and the graphics
processor will remain idle until an IN
is performed to E2E9h.

The high byte of PIX TRANS must
always be read/written in order for the
command to continue execution. This
means that if a byte write is performed
to E2E8h, it must be followed by a
byte write to E2E9h before the
drawing engine will start. This is
independent of the state of the 16BIT
bit. The effect that the 16BIT bit has
is that when 16BIT=1, both high and
low bytes written are used (in the
order specified by BYTSEQ). If
16BIT=0 however, only the low byte
is executed (regardless of the state of
BYTSEQ and the data written to
E2E9h is ignored). The same is true
of the read operation. This means that
if a byte read is performed from
E2E8h, it must be followed by a byte
read from E2ESh before the drawing
engine will start again. This is
independent of the state of the 16BIT
bit. The effect that the 16BIT bit has
is that when 16BIT=1, both high and
low bytes read are valid data (if
BYTSEQ = 1 the high and low bytes
are swapped). If 16BIT=0 however,

Revision 0.3

This Materi al

67 Advance Product Information 82C481

Copyrighted By Its Respective Manufacturer



CHIPS & TECHNOLOGIES INC 51E D WA 209811k po03923 Obb EMCHP

CHIPS' g

T-52-33-45
only the low byte is valid data (the PIXEL DATA TRANSFER REGISTER .
data read from E2E9h should be (PIX_TRANS)
discarded). Read at Memory Address Range 0AO000-OBFFFFh
This is how the IBM 8SI4IA functions  wrig @ Memony oo sy Rangt DACOOO-OBET: FFh

and is duplicated in the 82C481 for
compatibility. The IBM Adapter
Interface (Al) always appears to
communicate with the 8514/A using
16-bit 110 instructions so the high
byte dummy instructions are never
needed. If you intend to write code
which will work universally, it is
probably safest to follow IBM's lead

The PIX_TRANS register may also be memory
mapped in the UISA bus interface mode. This is
useful for accelerating system memory to screen
memory transfers on the ISA bus. Standard 16-bit
I/O transfers require 3 bus cycles whereas 16-bit
memory transfers may be completed in 2 bus cycles

and always set 16BIT=1. If an odd by exerting a OWS- signal. (For example a 10MHz
number oj)’)pixels need to be v]:rizten (0 ISA bus would be capable of transferring
PIX TRANS then the high byte of the .10MBytes/sec across the memory bus compared to

nly 6.66MBytes/sec across the I/O bus).
““The PIX-TRANS register may be mapped into
: _of.three memory ranges selected by
ECO[2:615* These ranges map into the display
reserved memory range (VGA / EGA / CGA
hich is usualy under the control of the
) river controlling the 82C481. If there is a
ifi:the system operating in text mode then this
s the range 0A0000h-OAFFFFh unused and
ailable for memory mapping the PIX_TRANS

last output is discarded. Likewise,
when inputing an odd length from the .
PIX TRANS register, the high byte
of the final data transfer may b
discarded.

Note: For compatibility, this register mzfxy:-»él_sd be -
read at A2E8h and A6E8h d g:drawin
commands. . ‘

ister.
The reason that a range is used and not a single .
location is so that the software developer may use a
REP MOVSW instruction to perform system to
screen or screen to system BITBLTs. Data written
to the memory is redirected into the queue as if it
were an I/O ‘write to the PIX_TRANS register.
Queue overflow and time-out functions are handled
in the same manner as for I/O cycles.
PIX_TRANS memory mapping can only be used
in UISA mode. The VMR bits corresponding to the
PTR bits must be set to request 16-bit data transfers
on the ISA bus. To run the minimum 2 bus cycle
memory data transfers, ZWS must be enabled.
When the PIX_TRANS register is memory
mapped it does not effect its I/O mapping. Accesses
to either location will result in data flowing to/from
the PIX_TRANS register.
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. System Interface

The 82C481 can interface as a slave to 2 different
system buses: MC (Micro Channel) and ISA
(Industry Standard Architecture or PC/AT). It can
interface to the ISA bus in 2 different ways (ISA and
UISA). The 82C481 auto-configures to 8-bit or 16-
bit slots on either bus. MC mode is the default, ISA
mode is selected by tying ISA/ low, UISA mode is
selected by pulling CSEL?2 low during reset.

In either mode, the 82C481 supports I/O reads, I/O
writes, memory reads, and interrupts. It supports
memory writes in UISA mode only. It does not
support, burst mode transfers, matched-memory
transfers, 32-bit transfers, or any Bus Master
functions.  All reads or writes are of the
'Asynchronous-Extended' varicty where an I
Channel Ready signal from the chip controls th
length of the cycle. On I/O accesses to the qiie
when the queue is not full, the bus default ¢ycle’
executed (Channel Ready not exerted). 'l
mode system memory to/from screen mgnio
fers may be completed in a shortened, 16-bi
cycle by exerting -OWS.

82C481 registers are mapped into areas .w
around in I/O space (scc the 10 Map
beginning of the register section). However, sin
PC/AT system boards decode only the loweér™
address bits as 'official' I/O addresses, all:interti
registers appear initially at PC/AT I/O addiess 2E8h.
The rest of the address bits appear on the
and are necessary for proper register selection, but
are "don't cares"” for some motherboard peripherals.

Using the IBM standard 8514/A 1/O mapping
minimizes the impact on the PC or AT for potential
conflicts. If there are conflicts (such as with a
network controller) the base address (2E8h) may be
remapped to a non-offending address. This is
accomplished by modifying the IOB field in
Extended Configuration Register EC0[15:10].

The initialization ROM is memory-mapped,
defaulting to the range C8000h-C9FFFh for
ISA/UISA buses or C6000h-C7FFFh for MC bus
configurations. The display buffer is not memory
mapped. The only way to read or write display
memory is through the use of 82C481 commands.
Control registers for such commands are mapped
into 1/O space. The data is also accessed through I/O
space except in UISA mode where the variable data
register optionally memory mapped.

VGA support is provided by the Micro Channel
Video Bus Extension (MC systems), or the VESA

video pass-through connector (ISA systems). In
VGA mode, video data and video clock are
multiplexed to the palette/DAC, and syncs are
multiplexed to the video connector. In VGA mode,
the 82C481 responds to all writes to the VGA palette
(3C6h-3C9h); this ensures the palette displays the
VGA colors correctly. By default, the 82C481 does
not respond to reads of the VGA palette to prevent
bus contention. If it is required that the 82C481
respond to I/O read accesses, this may be enabled by
setting PRE (EC1[15]). This bit is cleared on
RESET. This may be desireable in merged 82C481
VGA designs using a Brooktree Bt484 or equiva-
erit RAMDAC.

eration of the upper 8 data bits on the MC or ISA
-bus i5 controlied by Byte High Enable (BHE/).
2C_481 is installed on an 8-bit bus, BHE/
1" (it is located on the 16-bit connector
an internal pull-up holds BHE/ inactive in
. The 82C481 will not activate
Size_16 (DS16/) for word or odd byte
ansfers if BHE/ = 1. The host will convert word
.transfers to byte transfers in this case. Internal byte
steering logic directs odd-byte data over D7:0 when
BHE/=1.

The 82C481 may be used without external data
transceivers in motherboard applications where 4 mA
drive is sufficient, or with transceivers where 24 mA
drive is required. It provides RDLO/ and RDHI/
outputs to control the direction of these transceivers.

Bus signals are connected as follows.

82C481 Pin MC ISA UISA
A23:20 A23:20 Ground LA23:20
Al19:17 Al19:17 SA19:17 LA19:17
Al16:0 Al16:0 SA16:0 SA16:0
BHE/ -SBHE -SBHE -SBHE
AEN M/-10 AEN AEN
IORDY/ -S1 -IOR -IOR
IOWR/ -S0 -IOW -IOW
MEMR/ -CMD -SMEMR -MEMR
MEMW/  MADE 24 — -MEMW
IOCS16/ -CDDS16 -IOCS16 -IOCS16
RDY CD CHRDY IOCHRDY IOCHRDY
RFSH/ -RFSH -RFSH -RFSH
IRQ -IRQ9 IRQ9 -OWS/IRQ9
RESET CHRESET RESETDRV RESETDRV
ISA/ -CD SETUP Ground BALE

MEMCS16/ -CD SFDBK -MEMCS16 -MEMCS16
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MICRO CHANNEL INTERFACE

Micro Channel mode is selected by default (ISA/ pin
annd CSEL?2 pin not grounded). The following Micro
Channel signals are not used: ADL/, PREEMPT/,
DS16RTN, CHRDYRTN, BURST/, TC/, ARBn,
ARB/-GNT (all Bus Master/DMA functions),
CHCK/, AUDIO, AUDIO GND, and all 32-bit
extended signals. Addresses are latched on the
falling edge of CMD/.

POS operations are described later in this document.

INDUSTRY STANDARD ARCHITECTURE
(ISA) Interface

ISA Mode is selected by tying the ISA/ pin low. The
82C481 doesn't decode LA23:17, so SMEMR/ is
used instead of MEMR/. SMEMRY/ is used only for
the ROM chip select. The 82C481 doesn't generate
MEMCS 16/ in ISA mode, so it does not support 16-
bit ROM; this is not a serious limitation, becaus
those wanting higher performance can copy the R
to shadow RAM, which offers higher performarice
than 16-bit ROM. B

The following ISA signals are not s
LA23:17, CLK, NMV, DRQn, DACKn, T/C,
TER/, MEMCS16/, OWS/. Only SA%addre

used on chip; these do not need to be latch
is unnecessary.

INDUSTRY STANDARD ARCHITECTURE -
UNLATCHED OPTION
(UISA) Interface

UISA Mode is selected by tying the CSEL2 pin low.
This mode is a superset of the ISA mode which uses
unlatched addresses and memory maps the
PIX_TRANS variable data register. LA23:17,
SA16:15, MEMR/ and MEMW/ are used to decode
ROM and PIX_TRANS accesses. The 82C481 also
responds with -OWS to terminate memory cycles to
the PIX_TRANS register. This interface offers
higher performance for system to screen transfers
than does the standard ISA interface. Hardware
interrupts are sacrificed if -OWS is supported.

The following ISA signals are not used: SA19:17,
CLK, NMI/, DRQn, DACKn, T/C, MASTER/.
Both LA and SA addresses are used on chip so ALE
is necessary.

EXTENDED INDUSTRY STANDARD
ARCHITECTURE (EISA) Interface

EISA is a superset of the ISA bus. To interface the
82C481 to an EISA bus, use the signal connections
as described for the ISA or UISA bus. No EISA
extensions to the ISA architecture are supported.

TECHNOLOGIES INC 51E D WM 209811t 0003925 939 EECHP
Functional Description
T-52-33-45

POS Operations are not supported in ISA/EISA
mode.

QUEUE

To improve performance, the 82C481 provides a
write queue (called the "queue") for all registers at
I/O address 8000h or greater. This includes all
graphics processor registers. The only registers
whose write data is not queued are CRT controller,
palette, interrupt, and extended configuration
registers. The queue improves efficiency of writing
drawing commands and parameters, as well as for
Variable Data---data provided to/from the host via the
PIX_TRANS register (I/O mapped or memory
mapped) while executing a drawing command. This
is the mechanism whereby data is copied between the
bitmap and system memory. Thousands of pixels
may be transferred during a single 82C481
cominand, so a queue is imperative.

parameters are queued, changes to
‘(such as changing the drawing color)
ke effect until any drawing operations in

re finished. This allows parameters to be

. queue is 16 words by 20 bits (16 data, 4
dress). A23:15 and A9:0 are decoded to select the

~rqueue for writing; A13:10 go into the queue along

with the 16 data bits, and are decoded upon leaving
the queue to select the destination register.

The GP_STAT register at 9AE8h is used to poll the
status of the read and write queues:

Bit-9 GPBUSY (1=Busy)
Bit-8 DATARDY (1=Pixel Transfer Data Ready)
Bit-7:0 00000000 = 16 words available
00000001 = 7-15 words available
00000011 = 6 words available
00000111 = 5 words available
00001111 = 4 words available
00011111 = 3 words available
00111111 = 2 words available
01111111 = 1 words available
11111111 = 0 words available (queue full)

Bits 7:0 of this register is the Queue State (QS) field
which shows the number of words available in the
queue. Nicknamed the "thermometer” register, it
shows the number of bytes available, encoded
linearly. QS tells not only that there are words
available, but how many; this can reduce the amount
of polling necessary. QS = 0 does not imply the
82C481 graphics processor is idle; it may still have
data waiting in its hidden lower 8 words, or it may
have consumed all the data from the queue but still
be executing a drawing command. Always test the
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Functional Description

GPBUSY bit to determine if the graphics processor
is idle.

The "read queue" is only one word deep, and is used
only for Pixel Transfer Data. The Pixel Transfer
Data Ready bit (DATARDY) indicates there is data
waiting to be read from the PIX_TRANS register
(E2ES8h).

If a write access to the queue occurs when the queue
is full, or a read access to the PIX_TRANS register
occurs when there is no data available then the
82C481 extends the I/O (or memoery) cycle automat-
ically. If after a timeout interval, space does not
become available in the queue, or for a read no data
becomes available, then the 82C481 terminates the
bus cycle. After terminating an unsuccessful bus
cycle, the 82C481 internally generates an INVAL-
IDIO interrupt. If this interrupt is enabled it will
generate an external interrupt. In any event, it will

set internally and no further drawing engine opera-v

tion will occur until it is cleared.

INTERRUPTS
The interrupt request (IRQ) pin supports

ISA mode, IRQ is 3- stated when no mte
enabled, it is driven low when 1nterrupts
but not active, and is driven high when interrupts
enabled and active (this is like the EGA/VG
IRQY may be shared with another adapter on ¢
bus if only one has its interrupts enable
In either case, IRQ has no internal pull-up,0
down; it relies on the motherboard to pull IRQ to an
inactive state.

IRQ has IoL min = —12 mA. While this does not
technically meet the ISA or MC 24 mA spec, the
board designer may still want to drive IRQ9 directly,
instead of using an external 74L.S125 driver.

There are four internal sources of interrupts:

IRQ3 Idle (GPIDLE): The 82C481 graphics
processor is idle and the queue is empty.
The GPIDLE interrupt may be used as a
substitute for polling of the GPBUSY bit
prior to writing a drawing command and
parameters. Once the 82C481 is idle, the
next command and parameters may be
written to the queue at 8000h-FFFFh without
polling the Queue State bits.

Queue over/underflow (INVALIDIO): An
attempt has been made to write to the queue
when no words were available, or to read
PIX_TRANS when no data was ready. This

IRQ2

IRQ1

IRQO

T-52-33-45

interrupt is generated only after the bus cycle
has been extended and a timeout occurs on
the cycle.

Write inside scissor rectangle (PICKFLAG):
The 82C481 has wrilten the display buffer
within the Scissor Rectangle while executing
a CMD_LINE, CMD_LINEAF,
CMD_RECT, CMD_RECTV1,
CMD_RECTV?2, the destination phase of a
CMD_BITBLT command or a SSV. IRQ1 is
used for picking operations. This interrupt
only functions in 4bpp and 8bpp modes.

Vertical Blank (VBLNKFLAG): Vertical
blanking is active. TRQO may be used to
synchronize operations (such as scrolling) to
the end of the frame.

ch internal interrupt goes active whenever the
 Spegified condition is true. The state of the internal

“read from the corresponding inter-
 the Subsystem Status Register.
e TRQ pin will Oanly be activated when

Absystem Control Register. To inactivate IRQ,
ch active internal interrupt must be cleared by
writing 1 to the corresponding interrupt reset bit in
the Subsystem Control Register. Interrupts may be
cleared individually or in combination.
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Functional Description

Memory Interface

MEMORY ARCHITECTURE

The 82C481 is designed to use 256K or IM VRAMs
only (not DRAMSs). Write-Per-Bit and Enhanced
Page Mode features are required. The 82C481 uscs
a 40-bit VRAM data bus. This bus is called the
Pixel Bus, and the pins are labeled PxDy where x =
0—4 and indicates the (8-bit) pixel position within a
nugget (see next section) and y = 0-7 indicates the
bit (plane). Each pixel has its own write enable pin
(WE4:0/), and each plane is selectively written using
the VRAM Write—Per—Bit mask.

The 82C481 uses a packed pixel architecture. Each
8-bit pixel is stored in a pair of VRAMs; one holds

the lower nibble, one the upper nibble. 512K 4-bpp:

(bit-per-pixel) systems are implemented by simply
not populating the upper nibble VRAM locatigns.

Because the VRAMs are four bits w1de the smalIeSt v

same resolution as the ongmal 4- bpp bu"f’fér Thls
does not reduce VRAM requ1rements or mcr

implementing a double- buffered 2-bpp or_q[uddru e-
buffered 1-bpp system using the same disp
as for a 4-bpp system.

The 82C481 has a separate Memory Clock (MCLK)
which may be adjusted to match the speed of the
VRAMSs used. Maximum frequencies are 40 MHz
(for 100 ns VRAMSs), 32 MHz (120 ns VRAMS), or
25 MHz (150 ns VRAMSs). MCLK is asynchronous
to Nugget Clock (NCLK), which controls vidco
timing.

Nuggets

At this point, some terms must be defined: a nugget
is the fundamental "word" of the 82C481. A nugget
is either 32 or 40 bits, depending on the 5 Pixel
Nugget (5PN) bit. A double nugget is two nuggets
(64 or 80 bits), from the same row and column
address of a horizontally interleaved pair of RAM
banks. Double nuggets are the basic unit of all
82C481 horizontal video parameters.

Within a nugget, the pixels arc "backwards” order.
Pixel O (the rightmost pixel when the nugget is
viewed as a 40 bit word) appears in the leftmost

T-52-33-45

position on the screen. In 8bpp and 4bpp modes
pixels 1, 2, 3, and 4 appear in left-to-right order on
the screen. In 16bpp mode pixels 1+2,and 3+4 are
concatenated to form 2 pixels per nugget. In 32bpp
mode pixels 1, 2, 3, and 4 are concatenated to form a
single pixel per nugget. In Across-Planes mode,
Pixel Transfer Data (PIX_TRANS) bits appear in the
"correct” order. Only the least significant 5 bits of
PIX_TRANS are used; bit-4 controls pixel-0 (the
leftmost pixel as it appears on the screen), bits 3, 2,
1, and O respectively control pixels 1, 2, 3, and 4.
Bit 0 is used only if in 5-pixel nugget modes.

He two halves of a double nugget are referred to as
and B, where A appears to the left of B on the

481 mady use one, two, or four RAM banks.
VRAM banks are named Bank 0, 1, 2,
d-single bank is used it is Bank O; if two
banks te used they are Banks 0 and 1. The 82C481
intéfleaves between banks using just a single pixel
ata bus. If a single bank is used, of course no
terleaving is possible. If two banks are used,
Banks O and 1 are interleaved horizontally
("horizontally"” refers to the location of words from
the same row and column address as they appear on
the screen). If four banks are used, Banks 0 and 1,
and Banks 2 and 3 are interleaved horizontally.
Banks O and 2 or 1 and 3 are interleaved vertically.
Banks 1 and 2 or 0 and 3 may interleave cycles when
moving diagonally during line drawing operations.

Variable size nuggets (32/40) allow efficient support
of 1280 horizontal resolution. When configured for
1024 horizontal resolution (32-bit nuggets) using
eight 1 Mb VRAMS, the longest scan line which can
be shifted out of the standard VRAM shift registers
is:

(512 * 4)bits/RAM * § VRAMs =1024
8 bits/pixel * 2 scan lines/row address

By adding two more 1Mb VRAMs (40-bits, or S
pixels, per nugget), the maximum horizontal
resolution is increased to 1280:

(512 * bits/RAM * 10 VRAMs ~ =1280
8 bits/pixel * 2 scan lines/row address
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Variable size nuggets have the following advantages:

1. Each VRAM row has exactly 2048 or 2560
(twice 1024 or 1280) pixels; there are no VRAM
words wasted.

2. Each scan line is aligned to VRAM row boun-
daries and is totally contained in the VRAM row.
There is no need for split buffer VRAMs nor data
transfer cycles "on the fly".

_1Mb VRAM Support

The 82C481 allows a 1024 x 768 system to be
implemented with just four IMb VRAMs (for 16
colors) or eight (for 256 colors). Supporting 1M
VRAMSs reduces overall graphics system chip count
and board area requirements. ' Also, a IMByte frame
buffer can support a 1280 x 1024 x 4bpp display.

Pseudo 8-Plane Mode

When the 8514/A board is configured for mini
memory (512KB) it normally supports four planesiat.-
640 x 480 or 1024 x 768 resolution. Pseudg, 8-plane
mode (abbreviated PS8 mode) supports eight plane
at 640 x 480 resolution, even though oiily fou
planes of the display buffer are populatcd. In:thi
mode, data is stored as two separate 4-bpp
different addresses, but is displayed toget
Buffer 0 appearing as the low nibble and:Buffe
appearing as the high nibble. During drawing
operations, the high and low nibble (i.e. Buf '
and 0) are written separately, and the color, indices
and plane masks are left shifted by four:bit;
drawing the upper nibble. This mode is €mniered by
setting the Y_Coordinate Divisor (VRTCFG) to 00,
and the buffers are selected by setting the Swap bit;
BUFSWP = 1 for Buffer 1 or BUFSWP = 0 for
Buffer 0. BUFSWP = 0 always when not in Pseudo
8-Plane mode. You can only enter pseudo eight
plane mode if 8BP=0 and BANKS=00 (ie. the
82C481 is configured as a 512K subsystem).

The IBM 8514/A requires programming of
VRTCFG = 01 (normal) or 00 (pseudo &-plane
mode). The 82C481 interprets the VRTCFG
registers to enable Pseudo 8-Plane mode for soft-
ware compatibility, but it doesn't use VRTCFG to
determine the number of VRAM banks. It does use
VRTCFG to determine the y-ordinate addressing for
the drawing engine.

The 82C481 finds the number of VRAM banks
installed by reading strapping options on the
CAS3:2/ pins, which are latched into Extended
Configuration register EC2{9:8].

Pseudo 8-plane mode is only allowed in medium
resolution (640 x 480). The Pseudo 8-plane logic is
incorporated in the 82B484 Video Support Chip.

MEMORY CONFIGURATIONS

The 82C481 supports 12 possible memory
configurations, which may be categorized by the
number of planes (4 or 8), number of banks (1, 2 or
4), and the nugget width (4 or 5 pixels). To simplify
things, the configurations are numbered, with up to
four characters as follows:

1, 2, or 4. the number of banks
M: to indicate 1 Mb VRAMs are used
W: if 5 pixel nuggets (wide nuggets)
D: if 8 planes are used (deep memory)

High color modes are a display subset of 8-plane
configurations (hence they have the same memory
configuration values). e following figure sum-
marizes the configurations:

_8514/A register-compatible configurations

Bitmap
size Maximum
uration (KB) Resolution
1M 4 512 | 1024x768x4
IMD 8 1024 | 1024x768x8
IMD 8 1024 | 640x480x16
IMW 5 640 | 1280x1024x4
IMWD| 10 1280 | 1280x1024x8
2M 8 1024 | 1280x1024x4
2MD 16 2048 | 1280x1024x8
2MD 16 2048 | 1024x768x16
2MD 16 2048 | 640x480x32
2MW 10 1280 | 1280x1024x4
MWD | 20 2560 | 1280x1024x8
4M 16 2048 | 2048x1536x4
4MD 32 4096 | 2048x1536x8
4MD 32 4006 |1280x1024x16
4MD 32 4096 | 1024x768x32
4MW 20 2560 | 2560x2048x4
4MWD | 40 5120 ] 2560x2048x8

1280 x 1024 which is not 4:3 but is in common use).
Maximum horizontal resolution is determined as shown on the
previous page, by the combined length of the VRAMs serial
buffers.

Memory configurations are selected by strapping
options on CAS3:2/ (BANKS), WE4/ (SPN), MA8
(IMVRAM), and P4D7 (8PLANE) pins. All
options may be connected to jumpers, or overwritten
by software to allow user upgrades (see Initialization
section). The most common user upgrade would be
from a 4-plane to an 8-plane configuration (e.g. 1M
to 1IMD); another upgrade might be from a 1024 x
768 x 8bpp adapter to a 1280 x 1024 x 8bpp one
(e.g. 1IMD to 2MD). The wide (5PN) memory
configurations are less common than the 4PN
configurations because of the more complicated
software interface.
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Configurations other than 1M, or 1MD are referred RAM CYCLE TYPES

to as Extended Configurations. Extended Configu- .
rations require custom drivers, although some The 82C481 performs the following types of VRAM

8514/A drivers will be compatible with some cycles:
Extended Configurations. 1. Read (page mode)
. : ‘ 2. Write (page mode)
Whenever possible, the 82C481 interleaves VRAM . :
banks to improve performance. VRAMSs are i ﬁeAaéi—mn(l)dlfyf—wr}Ite (page mode)
designed so that pixels on the same scan line (i.e. s D ﬁ;? y ;e res
same Y-coordinate) map to the same row address; 5 Caia l;ang er S
bank interleaving is very effective in the X-direction : Ho (Lrwegster et
because interleaved page-mode cycles can be used 7. Flash Write
across a whole scan line (unless interrupted for RAM Read, write, RMW, color register set, and flash
refresh). Only 1 to 4 scan lines fall in the same row write cycles may be bank interleaved. RAS-only
address, so page mode can only be used for one to refresh and Data Transfer cycles are performed on ail
four consecutive pixels in the Y direction. This banks simultaneously.

makes interleaving much less effective in the Y
direction. Bank interleaving is impossible in
Memory Configuration 1M and its variations, which
use only one bank.

In two-bank configurations, Bank-0 and Bank-]
interleaved in the X direction on a nugget bast

All read, write, flash write, or RMW cycles start by
fiting the YRAM Write-Per-Bit register, used to

Vrite-per-Bit re glsters are written by
,_:0/ all active at the falling edge of RAS/,

bits in Bank O, ...

In four bank configurations, banks ar 1 d in
both the X and Y direction. Banks i leave-Q)/:or- .
. 2/3 in the X direction; Banks interleave 0/2 There are three sources of VRAM cycle requests:
. 1. Drawing engine (read, write, and RMW)
2. CRT Controller (Data Transfer)
3. RAM refresh logic (RAS-only refresh)

pixel depth.

movement is on a diagonal, such as for Short Str ke
Vectors (SSVs).

Memory Configurations 1M and 1MD ar
compatible to the IBM 8514/A in minj
maximum memory configurations, rcspectlvely, but

Data Transfer cycles have highest priority. All CAS/
lines go low simultaneously only during a Data

use 4 or 8 IMb VRAMs instead of 16 or 32 256Kb Transfer cycle.

VRAMs. A 1280 x 1024 x 4bpp resolution is also . .
possible from 1MD although this is not IBM 8514/A RAM refresh cycles have the next highest priority.
compatible. Drawing engine cycles have the lowest priority. All
Memory Configurations 1MW and IMWD are of these cycles except the color register set start by
extended configurations which support resolutions writing the VRAM write-per-bit register. Drawing
up to 1280 x 1024. This is also the maximum reso- engine operations will be done in a single page-mode
lution available in a 2ZMW or 2MWD memory config- cycle, unless one of the following happens:

uration. Because a 1280 x 1024 resolution imple-
mented in 1 bank would consume all of the video
memory for the display, it may be preferred to use

1. RAM row address boundary is crossed by
drawing engine; indicated internally by:

the 2 bank implementation. This would leave some a. Y Row Address changing.

off-screen memory which could be used by an accel- b. Y Coordinate register (CUR_Y) reloaded by

lerated GUI driver. host.

Memory Configurations 4M and 4MD are extended ¢. Y Coordinate register (CUR_Y) reloaded

configurations which support resolutions up to 2048 internally. ¢ o ¢

x 1536 x 8bpp and 1024 x 768 x 32bpp. d. Changing from source to destination phase o
Copy Rectangle (CMD_BITBLT) command.

Memory Configurations 4MW and 4MWD are This may happen many times for a large

extended configurations which support resolutions rectangle. Once each time the internal scratch

up to 2560 x 2048. This is the highest resolution register is filled.

configuration.
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"\ n l l— : Functional Description
2. The WRT_MASK register is written by thc host '

(requiring new write-per-bit values to be written

to the VRAM).

3. A Data Transfer and/or RAM refresh cycle inter-
rupts the page-mode operation.
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Functional Description

The Video circuitry controls addressing and timin
for the VRAM display and memory refres
functions. It handles high or low resolutions in
interlaced or non-interlaced display modes with equal
ease, and generates programmable sync polarities for
controlling different monitor modes.

The hardware is based around 2 principal counters,
the Horizontal Counter (HCNT? and the Vertical
Counter (VCNT). The values in the Video Registers
are compared with these counters to generate
Blanking and Sync signals, as well as VRAM
Refresh and Data Transfer cycle requests. Two
other counters determine Horizontal and Vertical
Sync Pulse Widths. There are no interdependencies
on Blank and Sync start times.

The Display Control (DISP_CNTL) register controls
whether the Video Circuitry is enabled or reset, atid
whether interlacing is enabled. It also contregls
certain memory configuration parameters for display:

HORIZONTAL TIMING

All horizontal timings and register values at
of the octet clock (OCLK). OCLK:i$:al

clock derived from NCLK equalling 8/10:pi
clocks. NCLK must be prescaled using-th¢ nugget
divisor bits of EC1[13:11] to create an 810 pix
OCLK. The Horizontal Counter indicates the octet
currently being displayed. O corresponds.to:the
leftmost actively displaged octet on the scr Fhe
Horizontal Total (H_TOTAL) register ind

total length of a single scan line, including herizontal
retrace nme. '

Between 0 and H_TOTAL, 6 time events are
detected:

1/2H_TOTAL

Horizontal Blank Start
Horizontal Alternate Blank Start
Horizontal Sync Start
Horizontal Altermate Blank End
Full H_TOTAL

At 1/2 H_TOTAL (usually about 2/3 across the
active display area), the following occur:

AN HWN -

1. Refresh Counter Increments
(causing a refresh cycle)
2. Vertical Counter Increments (if interlace)
3. Vertical Sync Width Counter Increments
(if interlace and VSYNC is active)

The Horizontal Displayed (H_DISP) register speci-
fies the octet at which the internal Horizontal Blank
(HBLNK) signal begins. HBLNK is ORed with

Video Interface

T-52-33_45

Vertical Blank (discussed below) to form the
BLANK output signal. HBLNK continues through
the end of the scan line (Full H_TOTAL).

VRAM Data Transfer Cycles are triggered by the
beginning of HBLNK (delayed by two OCLK
cycles). For standard VRAMSs, all Data Transfers
are initiated in this manner.

The Horizontal Alternate Blank Start (H_AB_STRT)
register specifies the octet at which the internal Hori-
zontal Alternate Blank signal begins. Horizontal
Alternate Blank is ORed with Vertical Alternate

“Blank to form the ABLANK/ output signal. The

Jorizontal Alternat Blank signal ends when the

ssync (HSYNC) begins. The Horizontal
Hdth (H_SYNC_WID) register specifies the
idth;in OCLKSs, of the HSYNC signal. Using this
ieme, an HSYNC may be programmed to start
anywhere within a scan line (even at the end), and
generate a full pulse width.

Horizontal Sync Polarity (HSYNCPOL), along with
Vertical Sync Polarity (VSYNCPOL) bits indicate
the current display resolution to IBM compatible
monitors:

HSYNCPOL  VSYNCPOL  Resolution
0 0 1024 x 768
0 1 720 x 350
1 0 640 x 400
1 1 640 x 480

At Full H_TOTAL, the scan line ends, and a new
one is ready to begin at the left of the screen. The
following events take place:

1. Refresh Counter Increments
(causing refresh)

2. Vertical Counter Incrermnents (always)

3. Vertical Sync Width Counter Increments
(if VSYNC active)

4. Horizontal Blank Ends

5. Vertical Blank and certain other
signals synchronize

6.

Horizontal Total Counter Resets to Zero
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Functional Description

VERTICAL TIMING

The Vertical Counter indicates the vertical scan line
currently being displayed. O corresponds to the top
actively displayed scan line on the screen.

The Vertical Total register (V_TOTAL) indicates the
total number of scan lines in a single frame,
including vertical retrace time.

Between 0 and V_TOTAL, 5 time events are

detected:
1. Vertical Blank Start
2. Vertical Altemate Blank Start
3. Vertical Sync Start
4. Vertical Alternate Blank End
5. Full V_TOTAL

H_TOTAL

T-52-33-45

The Vertical Displayed (V_DISP) register specifies
the scan-line at which the internal vertical blank
(VBLNK) request signal begins. This signal is
synchronized as VBLNK only at the ends of
horizontal scan lines (see interlace discussion
below). After synchronization, it is ORed with
HBLNK to form the BLANK output signal.
VBLNK continues through the end of the frame
(V_TOTAL) when it ends synchronously on full
H_TOT.

The Vertical Alternate Blank Start (V_AB_STRT)
register specifies the scan-line at which the internal
vertical alternate blank request signal begins. This
signal is synchronized only at the ends of horizontal
scan lines however it is not recommended to use
alternate blank in interlaced mode. After
ynchronization, it is ORed with Horizontal Altemate

H_AB_END

H_SYNCL-?S'TQT

H_AB:STRT

H.DISP .

V_DISP

V_AB_STRT

V_TOTAL
V_AB_END

V_SYNC_STRT
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Blank to form the ABLANK/ output signal. Vertical For example, in 640 x 480 resolution, V_TOTAL =
Alternate Blank continues until the Vertical Alternate 418h; which after splitting into separate fields is
Blank End (V_AB_END) register equals the internal VTB = 83h (131d) and VTADJ = 0. The scan line
vertical counter. modulus = 4. The resulting number of scan lines is
. . 131%4 + 0 + 1 = 525,
The Vertical Sync Start (V_SYNC_STRT) register
specifies the scan-line at which the output signal For another example, in 640 x 480 resolution,
VSYNC begins. The Vertical Sync Width register V_DISP = 3BBh which can be separated into VDB =
(V_SYNC_WID) specifies the width, in scan-lines 77h (119d) and VDADIJ = 3. The resulting scan line
(or half-scan-lines for interlace) of the VSYNC on which BLANK/ goes active is 119¥4 + 3 + 1 =
signal. Using this scheme, a VSYNC may be 480, just as expected.

programmed to start anywhere within a frame (even

at the end), and generate a full pulse width, Interlace mode is enabled when the Display Control

register INTERLACE bit = 1. Interlace does nothing

At Full V_TOTAL, the frame ends, and a ncw onc is more than enable the Vertical Counter to count half
ready to begin at the top of the screen. The scan lines rather than full scan lines; all values
following events take place: programmed in interlaced mode must be divided by 2

{0 get the actual value. For true interlacing to occur,
/- TOTAL must be programmed to output an odd
umber of half scan lines per ﬁeld The alternate

1) Vertical Blank Ends Synchronous to H_TOT
2) Vertical Total Counter Resets to Zero

In the V_TOTAL register, bits 11:3 indicate.s
number of scan lines, multiplied by a scan
modulus defined in the Display GCo
(DISP_CNTL) register; bits 2:0 of V_TOTAL, arc‘an g
adjustment added to the value in bits 11"3:t0 lines per field is (204”‘4 + 0+ 1)/2=408.5.
Spec1fy1ng values that are not an cvcn 5 uit'p. e Of thi . ) g Otal number of scan lines per frame (tWO ﬁelds)
scan line modulus. Bits 11:3 are mamed Vem 817.

‘ Total Base (VTB) and bits 2:0 are named “As a last example, in 1024 x 768 resolution

Total AdJUSt (VTAD)). - V_DISP= 5FBh, which separates into VDB = BFh
(191d) and VDADIJ = 3. The resulting scan line on
which BLANKY/ goes active is (191*4 + 3 + 1)/2 =
384.

Horizontal timing occurs on a full scan line basis

'of mterlace in 1024 x 768 resolution
="'660h, Wthh separates into VIB =

named VSAD]J. If the adjust value is larger

modulus, the timing is disabled. Actual timings are only. This means that scan lines have an alternating
1 greater than programmed in the V_TOTAL, odd/even relationship with the half-scan-line count in
V_DISP, and V_SYNC_STRT registers. alternate frames. That is, in even frames, the first
The scan line modulus is determined by the Mcmory displayed scan line starts when VCNT = 0. In odd
Configuration (MEMCFG) and Double Scan frames, the first displayed scan line starts when
(DBLSCAN) bits of the Display Control register, as VCNT = 1.
shown below. MEMCFG is related to the number of On top of the very regular VSYNC period, a slightly
banks of VRAMs installed (or the number of scan irregular VBLANK period occurs. Requests for
lines per row address). DBLSCAN = 1 indicates VBLANK occur on a very regular N/2 + 1/2 basis,
that each scan line is repeated on the display. but they are synchronized only at the ends of
horizontal scan lines. This means VBLANK
MEMCFG DBLSCAN Modulus Notes maintains the same odd/even relationship to the half-
00 0 2 Indicates PS8 Mode if scan-line count as does the displayed scan lines.
512K: Also used for This has a side effect that VBLNK for even frames is
high color modes. one scan line longer than VBLNK for odd frames.
00 1 4 Illegal
01 0 4 Normal Modes REFRESH COUNTER
01 1 8 The Refresh Counter is an independent 9-bit counter
10 0 6 which increments every half-scan-line (regardiess of
10 1 12 interlace mode). Every time its value changes, a
11 0 8 VRAM memory refresh cycle is triggered, and the
11 1 16 counter value is used as the Row Address.
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For refresh to occur, this scheme requires the Video each rising edge of SCLKO or SCLK1 generates
Circuitry to be enabled (using DISP_CNTL[5]). 32/40 bits. SOEQ/ and SOE1/ also run 180° out of
Also, the Horizontal Total register must be loaded phase, as do SOE2/ and SOE3/. If there are two
with a value such that, with the current NCLK input banks, Banks 0 and 1 are alternately enabled on
frequency, the VRAM refresh requirements are met. 32/40 bit boundaries. If there are four banks, Banks
0 and 1 are alternately enabled on even scan lines;
SERIAL BUS Banks 2 and 3 are alternately enabled on odd scan
. lines ("odd" and "even" assume non-interlaced
Nugget Clock (NCLK) is synchronous to the screens and count from scan line O at the top of the
VRAM serial shift clock frequency, 40 MHz max. It screen). In Video Configuration A, serial data from
is internally converted to an 8/10 pixel clock (OCLK) all four barks may be bused together.

by the nugget divisor. OCLK is used by the 82C481 . ) . .
to generate CRT signals HSYNC, VSYNC, Configuration 1M and its variants are a special case,
ABLANK/, and BLANK/. because they use only one bank of VRAM. Only
) . 32/40 bits are output each serial clock cycle, so
The 82C481 chip can select the video clock from up SCLKO runs twice as fast in this configuration (no

to eight oscillators, using the CLKSEL2.:0 outputs.
In a pure IBM 8514/A compatible implementation
using the 82C481, only CLKSELO is needed to
select between the 25.175 MHz and 44.9 MHz.
clocks. In practice the CLKSEL outputs are

<horizontal interleave). SOE(/ is active the entire
tive dlsplay time; SOE3:1/ and SCLK1 are inac-

2 _nd 3) s1mu1taneously and supports
p to about 300 MHz. In this
":Conﬁgu non SCLKO still drives Banks O and 2
and ‘SCLK1 still drives Banks 1 and 3, but they run
in‘phase, each rising edge producing 64 bits of data.

SOE3.0/ still drive Bank 3 through O respectively.
SOEQ/ and SOE1/ are active the entire display time
on even scan lines, and SOE2/ and SOE3/ are active
the entire display time on odd scan lines. In Video
Configuration B, serial data from Banks O and 2
must be bused separately from Banks 1 and 3

can also be generated by the 82B484 support chi
which provides all of the interface circuitry required
between the VRAMs and a 8-bit RAMDAC.

Whenever BLANKY/ is inactive; the 82B484:gencr- (making the serial data bus 64/80 bits wide).

ates SCLK1:0 and SOE3:0/, compensates: BLANK/ Video Configuration B may only be used with 2 or 4
for serial data pipeline delays, and delivers the palette banks of VRAM, but Video Configurations are
data and blanking synchronized. SCLK1:0 are otherwise not related to Memory Configurations.
stopped during BLANKY/, so the next scan line will Only Memory Configurations 2M, 4M, and their
start on the correct pixel and no VRAM timings will variants are logical candidates for Video Configura-
be violated during the data transfer cycle. tion B; and only if you need more than the 80 MHz
There are two basic Video Configurations, A and B. video rate the 82B484 supports.

There will of course be variations in external logic, Another option is to use a RAMDAC™ like the
depending on the video frequencies required, and Brooktree Bt484/485 in Video Configuration A.
whether the MCA Video Extension or VESA vidco These accept 32 bits of data at a time and multiplex
pass-thru connector (for VGA video) is supported. the pixels internally. Such palette DACs can support
Video Configuration A enables data fi nl video rates well above 80 MHz and eliminate the
barik &t 2 time AN SUDPOITS Video Fales up (o APPOX. need for TTL shift registers. Pseudo 8-Plane mode
imately 125 MHz. Systems using Video is not supported by the Bt484/Bt485.
Configuration A would normally use the 82B484

Video Support Chip for video rates up to SOMHz. ALTERNATE VIDEO REGISTERS

All Memory Configurations but 1M and its variants The 82C481 maintains two alternate video register
use two shift clocks (SCLK1:0) and four output sets which may be used to force non-standard
enables (SOE3:0/). SOE3:0/ drive banks 3 10 0 display parameters when programmed for one of the
respectively. SCLKO drives banks 0 and 2, SCLK1 two standard 8514/A resolutions. They are called
drives banks 1 and 3; SCLK1 and SCLKO run 180° the Alternate High Resolution (AHR) and Alternate
out of phase at 1/2 the RAMDAC load frequency; Low Resolution (ALR) register sets. These alternate
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Functional Description

video register sets are intended for use at 1024x768
and 640x480 resolutions respectively. Each of the
alternate register sets contains its own copy of the
following registers and bit fields:

1. Horizontal Total H_TOTAL

2. Horizontal Sync Start H_SYNC_STRT
3. Horizontal Sync Width  H_SYNC_WID
4. Vertical Total V_TOTAL

5. Vertical Sync Start V_SYNC_STRT
6. Vertical Sync Width V_SYNC_WID
7. MEMCFG DISP_CNTL[2:1]
8. INTERLACE DISP_CNTL[4]
9. DBLSCAN DISP_CNTLI[3]

10. CLKSEL([2:0] EC3[10:8]

The alternate video registers/bits overlay the 1/0O loca-
tions of the normal registers/bits. The set of regis-
ters which is visible to the system is determined by

the altemate register select bits (AHRS and ALRS)..

of register EC3[5:4]. The register set which is acti
in the 82C481 is determined by the alternate registe
enable bits (AHRE and ALRE) of register EC3[{7:6}:

When writing the alternate registers,
ALRS act as "paging registers" selectin
sets as follows:

AHRS ALRS Selects A
0 0 Normal Registers
0 1 Alt. Low-resolution registe
1 0 Alt. High-resolution reg1sters
1 1 Write Protect Video regis :

The intention is to load the alternate regwtf:t‘s only
once, for example under control of a config.sys file.

This would then allow the 82C481 to override
programs which write the IBM 8514/A values
directly to the display registers with values tuned for
a specific system. This is useful in systems which
have monitors capable of displaying non-interlaced
1024 x 768 resolution or systems requiring a higher
vertical refresh frequency than the IBM standard.

The alternate registers are activated by the 8514/A
CLKSEL[0Q] bit in conjunction with AHRE and
ALRE as follows:

CLKSEL. AHRE ALRE Video Register Active
0 X 0 Normal
0 X 1 Altemnate Low-resolution
1 0 X Normal
1 1 X Alternate High-resolution

The alternate video registers do not normally nced to
be saved, however they all are rcad/write accessible
when selected. Note that the CLKSELOQ bit in the

T-52-33-45

extended configuration register is writeable at both
EC3[8] and ADVFUNC_CNTL[2] however it is
readable only at EC3[8]. The last data written to
ADVFUNC_CNTL[2] is always readable at that
location.

Note: Extended Configuration register EC3 should
only be written in bytz mode. This is because
EC3 contains the alternate register selects in
its low byte, and several alternate register set
bits in its high byte. Writing this register as a
word value may yield unpredictable results.
Additionally, all extended configuration regis-
ters should have reserved bit values
preserved. Software should perform RMW
operations on these registers. This will allow
software to work transparently with future
definitions of these bits.
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Many aspects of 82C481 operation are configurable.
All of these may be selected by hardware strapping
options. These strapping options are latched
internally at the falling edge of RESET; other
functions may be multiplexed over these pins after
reset. Options may be set by jumpers; the jumpers
are connected to tristate buffers that drive the option
pin when enabled by RESOUT/. Most strapping
options may be read and written by software, so
jumpers may be omitted in favor of a configuration
utility. This method combines the best of hardware
and software configuration techniques.

Options on the 82C481 are defined so that they all
default to a simple 8514/A board configuration. This
keeps the 82C481 compatible with its predecesso:

the 82C480 which was architected around the IBM®

8514/A structure. Most registers, including th
tended registers, are always visible to the Systém
(only the alternate blank registers have pabl
mechanism).

RESET

On reset, all 82C481 pins except RES(
tristated.

CSEL2, FRAME, and P4D7:0 latch configuration
options at the falling edge of RESET;
internal pull-ups to insure they default ;
driven low to select the 0. RDHI/ and RDLO/ have
50K pullups to insure the data transceivers do not
drive the system bus during reset. ROMCS/,
PALRDY/, and RAS/ have SOK pullups to insure the
EPROM, RAMDAC, and VRAMSs remain in the
quiescent state during reset. All internal counters are
reset when RESET = 1. Software registers are
undefined after reset, unless noted otherwise.

A soft reset may be performed using the Subsystem
Control register GPCTRL bits. This has the same
effect as a hardware reset, except no pins are
tristated, counters are not reset, and configuration
options are not loaded.

POS OPERATION

Micro Channel POS_ID (100h-101h) are mapped to
on-board ROM. When SETUP/ is active, reads of
100h or 101h activate ROMCS/ [POSEN/] and force
ROM_PAGE_SEL{2:0] = This allows any
desired POS_ID to be bumed in ROM. Boards
without ROM may use tristate buffers enabled by
POSENY/ to provide a POS_ID.

Initialization / Configuration

T__52__33——45

Register 102H, bit 0 (Card Enable) is implemented
in the 82C481 itself. Card Enable is read/write
accessible and responds only when SETUP/ is low.

POS registers are accessible as byte registers only
and are not accessible in ISA mode.

CONFIGURATION OPTIONS
8/16-bit Bus Interface

The 82C481 configures itself for 8- or 16-bit bus
operation. This is possible because BHE/ (SBHE/
n ISA bus) is on the 16-bit bus extension, so it is
nconnected when the board is in an 8-bit slot. An

- internal pullup forces the 82C481 BHE/ pin inactive

0O:aiid BHE/ are interpreted as follows:

MC/ISA Bus 82C481
Definition Definition
16-bit transfer 16-bit transfer

Even byte on D7:0
Odd byte on D15:8
8-bit adapter

Even byte on D7:0
Odd byte on D15:8
Odd byte on D7:0

" Strapping Option - MC/ISA/UISA Bus

SETUP/ is only used in MCA systems; the bus
always drives SETUP/ high during reset. SETUP/
may be grounded to select ISA bus interface. For
both ISA and MC bus interfaces CSEL2 must be
latched high (default) during reset. To select UISA
mode, CSEL2 should be pulled low with a 2.2KQ
resistor or tri-state driver enabled by RESETOUT.
This selects UISA mode regardless of the state of the
ISA/ pin which should be connected to BALE. The
bus interface type may not b¢ read by software.

Strapping Option - 1M VRAMs

MAS is only used by 1Mb VRAMs; if it is 1 on reset
IMb VRAMSs are assumed, if it is 0 256Kb VRAMs
are assumed. An internal pull-up makes the pin
default to 1IMb VRAMs; drive with RESOUT/ to
select 256Kb. This option may be read/written at
Extension Configuration register EC2(10]. Only a
standard IBM 8514/A memory organization is per-
mitted with 256K VRAMSs. No extended color
depths or resolutions are supported.

Strapping Option - Number ¢f VRAM Banks

CAS3/ and CAS?2/ are only used in configurations of
more than 2 banks, so may be used to indicate the
number of VRAM barnks installed on the board to the
82C481. Internal pullup resistors maintain high

Revision 0.3

This Materi al

83

Advance Product Information 82C481

Copyrighted By Its Respective Manufacturer



CHIPS & TECHNOLOGIES INC 51E D

38 2aatS. aniii: ®

BN 209811k 0003939 423 EECHP

Functional Description

levels on these pins if unconnected or used to drive
VRAM chip CAS/ inputs. In a 1 bank configuration,
both CAS2/ and CAS3/ are tied to RESOUT/; ina 2
bank configuration, CAS3/ is tied to RESOUT/ and
CAS?2/ is left unconnected; in a 4 bank configuration,
CAS?2/ and CAS3/ are connected to bank 2 and 3
VRAM chip CAS/ inputs, respectively. The number
of VRAM banks may be read/written at Extension
Configuration register EC2[9:8].

The number of VRAM banks should be reflected in
the VRTCFG and HORCFG bits of the Memory
Control register (MEM_CNTL). The least signifi-
cant bit of HORCFG determines whether 4 or 5 pixel
nuggets are used. This bit is related to the depth of
the VRAM banks, not the number of banks.

256Kb VRAM [IMb VRAM
Inter- Inter-
VRT- HOR-| leave | Total | leave | Total
CFG CFG | VxH | Banks { VxH |Banks |Notes
00 O0X | 1x1 1 n/a n/a
00 1X | 1x2 2 1x1 1
01 O0OX | 2x1 2 1x2 2
01 1X ]| 2x2 4 1x1 1
10 0X | na| na |2x2| ¢
10 1X | n/a n/a 2x1 -
11 0X | 4x1 4 na | nja
11 1X | 4x2 8 n/a n/a

in, ion - it DA

Many VGA boards use the Inmos IM
palette/DAC, which has 6-bit DACs. O
may use 8-bit DACs. Still others may use
palette/DACs such as the Brooktree Bt478, whose
DACSs may function as either 8- or 6-bit, depending
on the state of their 8/6 input. The 8BITDAC pin is
provided for such DACs. There is no pull-up on
8BITDAC; a pull-up or pull-down must be provided
to select 8 or 6 bit operation on reset; the state of
8BITDAC on the trailing edge of reset will be
latched, and driven back out after reset. SBITDAC
may be read or set by software at Extended
Configuration register EC2[13].

Monitor Options

The 82C481 reads analog video SENSE from
LM339 comparators, just as VGA chips do, via the
SENSE pin. The 82C481 also reads the Monitor ID
bits from the Video Connector via pins MS2:0.
SENSE may be read from the Display Status register
DISP_STATI[0]; Monitor ID bits may be read from
the Subsystem Status register SUBSYS_STAT[6:4].
If ROM paging is not used, P4D6 can be tied low
and MS2:0 may be connected directly to the the

T-52-33-45

video connector; if the ROM_PG outputs are used,
MS2:0 must be driven by a tristate buffer enabled by
RESOUTY/. The Monitor ID bits are then read/write
in EC3[15:13]. The state of the ROM PAGING bit
may be read/written at EC2[6].
. ) le Ni ;

To support both a 2048 x 1024 x 4bpp and a 1024 x
1024 x 8bpp frame buffer from 1MB of VRAM the
82C481 implements 8 write enable signals and a pair
of CAS signals for bank 0. The 82C481 is back-
wards (pin) compatible with the 82C480 hence these
additional signals default to their 82C480 definitions.
To enable these 5 new signals FRAME must be
latched low (external pull-down resistor approx

All remaining options are latched from the pixel bus
failling edge of RESET. The P4Dy
‘ allows 8 possible options, of which only 5
4D7-R4D3) are currently implemented. Extension
grrently unused (P4D2-P4DQ) are reserved for

“future definition. Note that these three pins are used

bble Mode write enables if configured through
strapping option above. Internal pullups default
of these options to 1.

"To select a 0 option, you should drive that pin with a

tristate driver (e.g. 74LS244) enabled by RESOUTY/.
The inputs to these drivers may be grounded for
options which will not change, or to jumpers for
user selection. For those PxDy lines which are not
to be used by the display buffer, O options may be
selected by pulling the pin low with a 4.7KQ
resistor. All these options appear in the Extended
Configuration Registers and may be read and/or set
by software.

Strapping Option - 8 Bit Planes (8BP)

P4D7 = 1 on the falling edge of RESET (default)
indicates that 8 planes of VRAM are installed; 0
indicates 4 planes. Emulates the function of a jumper
on the 8514/A board. 8PLANE is latched in Sub-
system Status register SUBSYS_STAT[7]. 8BP
may also be read or written at Extended Configura-
tion register EC2[7].

in ion - ROM Siz. MSIZE

If PADS=1 on the falling edge of RESET (default),
an 8K ROM address space is decoded in system
memory. If P4DS5 is sampled low during RESET, a
32K ROM address space is decoded. The size of the
ROM also effects its base address (see the ROM
Base Address description below). ROMSIZE may
be read or written at EC2[5]. If ROMCS/ is sam-

Revision 0.3 84

This Materi al

Advance Product Information 82C481

Copyrighted By Its Respective Manufacturer



CHIPS & TECHNOLOGIES INC S51E D WE 209811k 0003940 145 EMCHP

L I_l l '_ : Functional Description

. pled low at reset, no ROM is mapped into address T-52

space.
in ion - BA

P4D4:3 are latched on the falling edge of RESET to -
indicate the ROM base address. This configuration

option allows all of the ROM address spaces in

system memory to be relocated in case of address

conflicts. Address conflicts are possible with any

number of peripheral adapters. ROMBASE may be

read or written at EC2[4:3]. Care must be taken

when writing EC2 not to destroy the configuration

information contained therein.

ROMBASE SKMC 8KISA 32K

8 E3000h——c6000h—-D0000R
1 D8000h  D8000Oh D8000h
0 C0000h  C000Oh  CO000h
1 (default) C6000h  C800Ch C8000h

=33-45

o
0
1
1
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| n ' r - Functional Description
Pixel Operations
MIXES SOURCE OPERAND SELECTION

The 82C481 supports 30 mixes, or raster ops. These
are selected by the FOREMIX bits of FRGD_MIX
or the BACKMIX bits of the BKGD_MIX register,
as shown in the table below. In addition to all 16
possible 2-operand logical mixes, there are 14 arith-
metic mixes including min, max, average, sum, and
difference (either SRC — DST or DST — SRQ).
Sum, difference, and average may be saturating (i.e.
no sum can be greater than FFh and no difference
can be less than 0) or allow overflow (sum and
average) and underflow (difference). Saturation
prevents unexpected visual results. A fixed or
variable (supplied by the host) pattern may be
apphed to any drawing operation. Only the logic
mixes are available to the 16bpp and 32bpp hlg

color modes.
MIX RESULT
Oh = 00000b = ~DST

1h =00001b= 0
2h =00010b= 1

‘ 3h =00011b= DST
4h = 00100b= ~SRC
Sh = 00101b= SRC A DST
6h = 00110b = ~ ( SRC A DST)
7h =00111b= SRC

8h = 01000b =~ ( SRC * DST)
Sh = 01001b = ~ (SRC * ~DST)
Ah =01010b = ~ (~SRC * DST)

Bh =01011b=~(~SRC *~DST) /* OR */
Ch =01100b= SRC* DST /* AND */
Dh =01101b= SRC * ~DST
Eh =01110b= ~SRC * DST
Fh =01111b = ~SRC * ~DST /* NOR */

10h = 10000b = min(SRC,DST)

11h = 10001b= DST ~SRC with underflow
12h = 10010b= SRC -DST with underflow
13h = 10011b= SRC + DST with overflow
14h = 10100b = max(SRC,DST)

15h = 10101b = (DST — SRC)/ 2 with underflow
16h = 10110b = (SRC — DST)/ 2 with underfllow
17h = 10111b = (SRC + DST)/ 2 with overflow
18h = 11000b = DST — SRC with saturate

19h = 11001b= DST - SRC with saturate

1Ah = 11010b= SRC - DST with saturatc

1Bh =11011b= SRC + DST with saturate

1Ch = 11100b = (DST - SRC)/2 with saturate
1Dh = 11101b=(DST - SRC)/2 with saturate
1Eh =11110b=(SRC-DST)/2 with saturate
1Fh =11111b=(SRC + DST)/ 2 with saturate

The destination operand (DST) always comes from
the bitmap. However, the source operand (SRC)
can come from one of four places based on the
Foreground or Background Source Select (FSS or
BSS) fields. FSS and BSS are decoded identically,
only FSS is shown below:

7 6 5 4 3 2 1 0
[ ] FSS | FOREMIX |

Foreground Source Select

Background Color (BKGD_COLOR)

Foreground Color (FRGD_COLOR)
. ble Pixel Data (PIX_TRANS)
tmap Data

; ound Color (BKGD_COLOR) and
or gttmnd Color (FRGD_COLOR) are register
[ties, used to draw in a solid color or pattern of
o solid colors. The FRGD_COLOR and
KGD_COLOR registers are always the same depth

-as the pixels (ie. in 16bpp mode these registers are

16 bits wide and in 32bpp mode 32 bits wide).

Pixel Transfer (PIX_TRANS) is provided by/to the
host, one byte per pixel or nugget (see Across Planes
vs Through Planes, below). This allows applying
any arbitrary pattern to a drawing operation, or
copying data to/from system memory.

Bitmap data is from the sourcec rectangle of a
CMD_BITBLT command. This Source Select
should only be used for the CMD_BITBLT
command; results are undefined for other
commands. Bitmap data is commonly referred to as
"source” data, but should not be confused with
"SRC" data, which is an ALLU operand selected by
either BSS or FSS. If FSS and BSS = 11, the terms
"source” and "SRC" are equivalent.

FOREGROUND AND BACKGROUND

The 82C481 supports two Source Select/Mix pairs:
Foreground and Background. The Foreground
Source Select (FSS) is always used with the
Foreground Mix (FRGD_MIX), and the
Background Source Select (BSS) is always used
with the Background Mix (BKGD_MIX). The
combination of Foreground Source Select and
Foreground Mix will be referred to simply as the
Foreground; the combination of Background Source
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T-52-33-45
FRGD_MIX register X
MUX J Mix for Pixel O
BKGD_MIX register. 7
7 N
, MUXH———%— Mix for Pixel 1
7 . .
Mix for Pixel 2
,7 Mix for Pixel 3
7 . .
Mix for Pixel 4
Force FRGD_MIX register —5._
PATTERN_L/PATTERN_H data mem—X—] L4l 41 11
PIXEL_TRANS data emie]
Source bitmap data
MIXSEL
Mix Select for each Pixel Drawing Engine
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Select and Background Mix will be referred to as the
Background. There are also registers for the
Foreground Color (FRGD_COLOR) and
Background Color (BKGD_COLOR); these are not
associated with the Foreground and Background
mix. The Foreground Mix may select either
Foreground Color or Background Color, and
similarly for the Background Mix. "Foreground
Color"” and "Background Color" are just words used
to distinguish between the two color registers.

Whether the Foreground or Background is used is
determined on a pixel-by-pixel basis; even though
the Memory Controller operates on up to four or five
pixels at a time, each pixel Arithmetic Logic Unit
(ALU) can independently use the Foreground or
Background.

Foreground Select Mode

In one further level of indirection, there are four

gossible methods of selecting Foreground vs.
ackground, chosen by the mix select (MIXSEL)
bits (PIX_CNTL[7:6]). MIXSEL applies to:all

ALUs.

Mix Select Mode (MIXSEL):

0 0 = Foreground is alway
common value) :

0 1 = Pattern Array or PAT_L/PAT_

. Foreground (1 selects FRGD_MIiIX):

1 0 = VAR (PIX_TRANS Variable difa) selects:
Foreground (1 selects FRGD_MIX) .

11 =

Transparency selects Foreground

If MIXSEL = 00 (most commonly used
Foreground is always selected.

If MIXSEL = 01, and PAT (EC1[10]) = 0,
PATTERN_L (PAT_L) and PATTERN_H (PAT_H)
select Foreground. PAT_L and PAT_H are both 4
pixel-wide registers; PAT_L is used for the first 4
pixels in an octet (starting with octet O at the left of
the screen), and PAT_H for the high 4 pixels of the
octet. Bits (0),1, 2, 3, and 4 of PAT_L and PAT_H
control pixels (4),3, 2, 1, and O on the screen
respectively (SPN=1). These allow applying a fixed
destination-aligned pattern. It may be a pattern of the
Foreground and Background Color, or a pattern of
Foreground and Background Mixes. To apply a 2D
pattern, PAT_L and PAT_H must be reloaded on
each scan line; there is no interrupt mechanism to
Frompt for reloading.

f PAT (EC1[10]) = 1, then a 2-D pattern can be
applied using the 8 x 8 pattern array. The pattern
array is loaded by 8 1/O writes to PAT_L[7:0]. Like
the PAT_H/PAT_L registers, the pattern array is
destination aligned.

If MIXSEL =10, PIX_TRANS selects Foreground.
PIX_TRANS is the variable data from the host. Bits
0).1, 2, 3, and 4 control pixels (4), 3, 2, 1, and 0
of the destination respectively (5PN=1). This

T-52-33-45

operation is described as 'across the planes'.

In 16bpp and 32b¥)p modes the PIX_TRANS infor-
mation is transferred in a different manner.
PIX_TRANS across planes painting only works for
X-RECT commands. Additionally, the across
Blanes data can only be passed in 16 bit
IX_TRANS mode (_16BIT = 1). Any
PIX_TRANS data remaining at the end of each scan
line is discarded. (In 4bpp and 8bpp modes if one
byte of the PIX_TRANS word is unused it is
wrapped to the first byte of the next scan line).

If MIXSEL = 11, transparency selects Foreground.
Trans arencgis 1 (true) if source data = 1 for every
bit where RD_MASK = 1. RD_MASK is rotated
right one bit for purposes of transparency
comparisons. This is to allow the RD_MASK to
specify different planes for transparency and area
filling operations. If transparency is true, the
oreground is selected; otherwise the Background is
selected. Source. data is stored in the scratch register
uring the bitblt“¢see next section); the result of the
transparenicy-est is stored in place of bit 7 of the
' ransparency does not function correctly in

pp dbe%bpp modes except for stretch bitblits as

‘ ow.

_ = 11 1is used to allow "source
-ansparency”. Typically, one bit plane is designated
as the transparency plane. If that bit is 1, the
destination is left unmodified. Visually, the source
data appears "transparent” for that pixel (i.e. after
copying the source, you still see the old destination
data at that pixel).

Should you select MIXSEL = 11 and FSS and/or
BSS = 11 (SRC is bitmap data), you would expect
to see the source data written to the destination at all
the appropriate places. This is not quite what
happens, because the foreground select bit
overwrites bit 7 of the source, so instead of seeing
the source written to the destination, you see the
source with bit 7 modified.

MIXSEL = 11 is also used tc do a stretch blt--i.e., a
bitblt where the source data is stored in only one
plane, and during the course of the bitbit it is
expanded to eightxplancs. This is done by selecting
(for example) MIXSEL = 11, FSS = 01, FOREMIX
=7, BSS = 00, BACKMIX := 7, and RD_MASK =
Olh. In this case, the source is a monochrome
image stored in plane 7 (selected by RD_MASK>>1
= 80h); every pixel where bit 7 = 1, is drawn in
Foreground Color, and every pixel where bit 7 =0 1is
drawn in Background Color.

In 16bpp and 32bpp modes stretch blts function in a
sliﬁhtly different manner. The RD_MASK and
WR_MASK are expanded to 16/32 bits. The rota-
tion of the RD_MASK occurs as a byte rotation
similar to the 8bpp mode, not as a rotation of a 16 or
32 bit word. For example when using 32bpp mode
to produce a 24bpp display, 8 planes are available
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7.\52‘35\45 ‘

Color Compare Operation 3
(COLCOMPOP)
3 Color .
Boundary/Plane Mask Compare
8 Logic Unit 1
Color Compare Data AND
Polygon Fill .
§ Boundary Pixel
Logic Update
- Control
Current :
Destination \I
g New
Bitmap data UXx g Destination
/I Bitmap Data
Foreground Color —— .
Background Color__,L.
PIX_TRANS data —mm
Source Bitmap data —84_
Source Select Raster OP
(FSS/BSS) (FOREMIX/BACKMIX)
Mixt 7
1X
Pixel Drawing Engine
[ + This Mix comes from one of the 5 individual pixel mixes shown in the diagram on the previous page. I .
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beneath the display for caching fonts. To select

lane 31 the RD_MASK would be written as
0,00,00,01 which when rotated produces
00,00,00,80h.

Stretch blts are used for drawing bitmapped
characters. Character fonts may be cached with a
different character in each plane to conserve
memory, and then drawn in the current foreground
color. By selecting the mixes, the character cell may
be opaque (i.e. Foreground or Background Color) or
transparent.

COLOR COMPARISON

The 82C481 can do a mz?m'tude comparison of the
destination data to a fixed reference color, stored in
the Color Comparison register (COLOR_CMP). If
the comparison is true, the destination is left
unchanged; if false, the drawing operation operates
normally. The effect is that certain color(s) in the

destination (i.e. "background") appear in front of the.:

source (i.e. "foreground”). IBM refers to thi
operation as underpainting, meaning that the sop

pixels appear to be painted under the destination.

data. The 16bpp and 24b£p high color modces only
only support the COLORCMPOPs "=", ")

The COLOR_CMP register is the same:dcy

pixel format in all cases. ;

Note that Color Comparison compar
destination data to a reference color; this 15:diffe
than transparency (above), which tests the sourc
data; the 82C481 does both.

The type of magnitude comparison bt
COLOR_
COLCMPOP bits of the Pixel Control

(PIX_CNTL[5:3]), as defined below:

COLCMPOP
543 Comparison Notes
000 0 Always false
001 1 Always true
010 DST >= C_CMP
011 DST < C_CMP
100 DST # C_CMP Notequal
101 DST = C_CMP
110 DST <= C_CMP
111 DST > C_CMP

By selecting the proper mixes, the Color
Comparison logic can implement a Color Exchange
operation: all pixels of a specified color are replaced
by a different color. This Color Exchange will be
donc on a rectangle defined by the Clipping
Rectangle, or on a Polygon, as defined in Polygon
Fill.

aﬂd n'—l "o

CMP and DST is determined. by the

During variable
: determing which planes are read by the host

“should be read back in

T-52-33-45
PLANE MASKS

The 82C481 has two host-writeable plane mask
registers: Plane Read Mask (RD_MASK) and Plane
Write Mask (WRT_MASK). The 82C481 generates
a third, the Plane Mix Enable (PME) under control of
the PLANEMODE bits (PIX_CNTL[2:1]). If
PLANEMODE = 10, PME = WRT_MASK *
~RD_MASK, else PME = WRT_MASK. The mask
registers are the same length as the pixel depth.

A 0 in WRT_MASK always prevents writing the
corresponding plane in memory, using the VRAM
write-per-bit capability. A O in PME always
prevents the corresponding planes from taking part
in any mix (i.e. raster op); results are not specified
for arithmetic mixes where a non-contiguous set of
nes is enabled by PME.

Tﬁ.e‘,_:function of RD_MASK is more complicated:
data read cycles, RD_MASK can

epending-on the value of the PLANEMODE bits. If
LANEM®ODE = 00, then the RD_MASK register

“has no éffect on the data transfer. This is useful for

ng the entire bitmap in Through Plane mode
T ANAR=0).

f PLANEMODE = 10 or 11, the pixel data returned
Across Plane mode
(PLANAR=1). The RD_MASK is rotated right one
bit and a logical test is performed between the rotated
RD_MASK and bitmap data. Those pixels which
have 1s in all planes where rotated RD_MASK = 1
return a 1. Because the data is returned in Across
Planes mode, the drawing engine is moving 32 bits
at a time and the data read back will be nugget
aligned. This is useful for reading just one plane or
color pattern. This operation does not function
correctly in 16bpp or 32bpp modes.

In the read phase of a Copy Rectangle
(CMD_BITBLT) command, when MIXSEL = 11
(Bitmap data seclects Foreground), RD_MASK
sclects which planes to use to determine if the source
is transparent. Thosc pixels which have 1s in all
planes where RD_MASK = 1 are transparent. Plane
7 in the Scratch Register (sec below) is used to store
the transparency result, so only 128 colors are
available when doing this operation.

In both cases above, RD_MASK is rotated right one
bit before being used.

During Polygon Fill, the PLANEMODE bits deter-
mine the Boundary Mask. The Boundary Mask
selects which plane(s) will describe the boundary of
the polygon. Pixels which have 1s in all planes
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where RD_MASK = 1 are boundary pixels. In this
case, RD_MASK is not rotated. RD_MASK bit

Functions:
Enabled Plane
RDMASK Variable DataRead Polygon Fill
0000 0001b 7 0
0000 0010b 0 1
0000 0100b 1 2
0000 1000b 2 3
0001 0000b 3 4
0010 0000b 4 5
0100 0000b 5 6
1000 0000b 6 7

The following table shows the mask values for the
two area fill operations:

PIX_CNTL Boundary Plane
[2:1] Mask Mask
10 RD_MASK WRT_MASK * (~RD_MASKj.
11 WRT_MASK WRT_MASK g

(or nugget) for the host to write data in the

register (PIX_TRANS). In Pixel Data tgad mode

(PCDATA = 1, WRTDATA = 0), the 82C481 wi
stop after reading each pixel (or nugget) for the hos
to read data from PIX_TRANS. PCDATA:=
applies to all drawing operations, including:lines.and
short stroke vectors. This allows drawing lines
using any arbitrary user-defined line pattern.

When PCDATA = 1, Pixel Data may be read/written
across planes (AP) or through planes (TP).

In TP mode (PLANAR 0), each byte of
PIX_TRANS is interpreted as an 8-bit value repre-
senting up to eight planes of a single pixel (four
planes in 4bpp mode). When doing bitblts in this
mode, the 82C481 handles data just one byte at a
time, not 32 bits at a time.

In TP pixel data read mode (PLANAR 0,
PCDATA = 1, WRTDATA = 0), the drawing engine
waits to write the source pixel to PIX_TRANS
before moving on to the next pixel. If necessary, it
will wait for the host to read the last pixel from
PIX_TRANS. In 4bpp and 8bpp mode, cach byte
of PIX_TRANS is written to the respective plane of
two pixels. In 16bpp mode, the bytes form a single
pixel. For 32bpp modes, two consecutive 1/O writes
to PIX_TRANS form a single pixel. The byte
steering in high color modes is the same as {or 4bpp

T-52-33-45

and 8bpp modes. The only command which
supports TP high color data is CMD_RECT.

In TP pixel data write mode (PLANAR = 0,
PCDATA = WRTDATA = 1), the drawing engine
waits to receive a new PIX_TRANS byte from the
queue before drawing each pixel. What effect
PIX_TRANS has on the pixel operation is
determined by the mix select (MIXSEL) field
(PIX_CNTL[7:6]), and the mix registers
(FRGD_MIX and BKGD_MIX). It is entirely
possible that PIX_TRANS has no effect on the pixel
operation at all, but the drawing engine still must
receive pixel data from the host before it will
proceed.

n AP mode (PLANAR = 1), PIX_TRANS is
interpreted as a four/(five) bit quantity, where each
“controls one pixel. PIX_TRANS bits (0),1, 2, 3,
d-4 control pixels (4),3, 2, 1, and O, respectively.
\ MASK#edn be used to control which bit
. planes arg modified. AP mode should not be used
ith ling draw and SSV commands, because these
‘commands.inherently operate on pixels, while AP
mode works on nuggets, and results are difficult to
predigt. For high color modes AP write mode can
only be used with CMD_RECT.

In AP pixel data read mode (PLANAR = PCDATA =
1, WRTDATA = 0), PIX_TRANS bits (0)/1 through
3 contain the transparency result of pixels (4)/3
through O of the last nugget read. The Plane Read
Mask (RD_MASK) register can be used to select
which planes participate in the transparency test. AP
read mode does not work for high color 16bpp or
32bpp modes.

In AP pixel data write mode (PLANAR = PCDATA
= WRTDATA = 1), each of PIX_TRANS bits (0)/1
through 3 selects foreground/background for pixels
(4)/3 through 0 of the current nugget if MIXSEL
=10. If MIXSEL # 2, PIX_TRANS has no effect
on pixel operations, but the drawing machine still
waits for a new PIX_TRANS byte before
proceeding.

To im_lpl{ove gerformance in either AP or TP modes,
PIX_TRANS data may be read/written two nuggets
or Fixels at a time by selecting 16-bit mode (_16BIT
= 1). In this mode, PIX_TRANS is treated as a 16-
bit register, and needs to be read/written only half as
often. This is required for high color modes.

Also to improve performance, writes to
PIX_TRANS are queued; this allows writing up to
32 bytes in advance. Reads from PIX_TRANS are
not queued. See separate Queue section for details

of Queue operation.

SCRATCH REGISTER

During the source phase of a Copy Rectangle
(CMD_BITBLT) command, up to eight 32-bit words
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. are read into the Scratch Register. Data words are T-52- 33
read using page mode cycles (bank-interleaved page =45
mode if there are two or four banks). Pixel
alignment is done as the data is written into the
scratch register. If the source is nuﬁget-aligned, all
reads are done in 32-bit mode; if the source is not
nugget-aligned, the edges are read in byte mode, and
the interior is read in nugget mode.

During the destination phase of the Copy Rectangle
command, data is read from the scratch register,
combined with the destination data as specified by
the FOREMIX or BACKMIX, and written back to
the destination address. If the Mix is a function of
the destination data, page-mode RMW cycles are
used, otherwise simple page-mode write cycles are
used. If the destination 1s nugget-aligned, all writes
are done in 32-bit mode; otherwise the edges are
written in byte mode and the interior of the rectangle
is written in nugget mode.
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. . 3 T"5 - —
Drawing Operations ¢-33-45
The 82C481 supports 6 different drawing synchronize AP Pixel Data bytes with Bresenham
algorithms, including 2 for lines and 4 for drawing. Instead use TP mode.

rectangles. These algorithms define the motion from

the current XY position, and are executed in the Command Port bits INC_X and INC_Y effect the

" - s e o artin f the rectangle/line. If neither is set
drawing engine" circuitry. Other circuitry, the st g comer ot : R
ALU, selects whether certain pixels or image planes th%sINtaJle,%(cpmer 1sd;he lower right. g;[NC_Y 18 Sﬁt
are written, which color is written, etc. Marking of an _X is not, drawing starts in the upper right

corner. All algorithm discussions below assume

pixels takes place only inside the scissor rectangle; both bits are set, and drawing starts in the upper left

the drawing operation proceeds even outside the

rectangle, but WE4:0/ are inhibited so no pixels are corner.
marked. (The scissor rectangle is defined by the XY
coordinates programmed in the four SCISSORS LINE

registers).

The 82C481 Line command uses the Bresenham
gorithm. Bresenham, like most Digital Differential

The choice between Through Planes and Across
,,algonthms, first determines the

Planes modes is important for the execution of t
drawing algorithms. In general, TP mode is needcd
only to copy data between system memory and:)
bitmap. TP mode is relatively slow, requumg th

aridd “Y-axis, the independent axis is the
e longer projection). The major axis

sident) coordinate as a function of the
dépendent coordinate. For each pixel drawn the
gorithm increments (or decrements) the
independent coordinate, and adds the slope to the
dependent coordinate, and if the fractional remainder
(the error term) is greater than 0.5, the dependent
coordinate is incremented; otherwise it stays the

whole doubleword (32 or 40 blts)
ina smgle VRAM cycle

X coordinate (CUR_X) cém be moved as miich
plxels (4bpp/8bpp modes) in one machine cy¢:
"machine cycle" is the basic cycle of the g

same.

state machine). Byte mode requires 4.1 . L
cycles per nugget (even though the entiré nugget The method above requires a division to compute the
could be written in one VRAM cycle). Some slope. This division can be avoided, however, since
algorithms (Fast Fill and the Source pass of the the algorithm is unaffected by multiplying by a
Copy Rectangle) assume nugget mode, whereas constant.
others invoke it only when appropriate. The algorithm may be expressed by the C pseudo-
The selection of Pixel Data, using the PCDATA bit, code on the following page. The major axis is
controls the geometry engine only. It causes VRAM indicated by the 82C481 Y Major Axis
accesses to be limited by the transfer ratc of Pixel (YMAJAXIS) bit; if YMAJAXIS = 1, Y is the major
Data across the system bus. That is, one byte of axis. Before drawing the line, the image space is
Pixel Data enables 1 VRAM access (either byte or decomposed into eight octants, and the octant in
nugget!). PCDATA does not control whether Pixel which the line is drawn is encoded by the INC_Y,
Data is used as an ALU control or data source! The YMAJAXIS, and INC_X bits (CMD[7:5).
Mix (FRGD_MIX, BKGD_MIX) and Pixel Control
(PIX_CNTL) registers control these aspects. SSV DRAWING
Note that AP Pixel Data mode for Bresenham lines is Short Stroke Vector (SSV) is another line drawing
tricky if not impossible to implement. This is function. SSV involves much less overhead than
because each new byte of Pixel Data triggers one Line Draw (CMD_LINE); only one byte is required
VRAM memory cycle. Since every Bresenham per vector, qompared to four (or more) 16-bit words
"bump" to a new scan line requires a new memory per vector if drawn by the Line command. Two
cycle, and since it is difficult to determine how many SSVs may be generated with a single 16-bit write to

. pixels will appear on each scan line, it is difficult to the SSV Register. This lends itself well for

character/text drawing.
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e 1
/* 82C481 Implementation of Bresenham algorithm. T-52-33-45

CUR_X

CURLY
MAJ_AXIS_PCNT
DESTX_DIASTP

The following registers must be initialized by software before issuing a CMD_LINE command:

Initial x-axis coordinate

Initial y-axis coordinate

Length of line projected onto major axis (dmajor)
2*dminor — 2*dmajor

*/

int xstep,ystep;
if  (ANC.Y) Eystep= 1} else {ystep=-1}
if (INC_X) {xstep=1} else {xstcp=-1}
for (i=0; i < MAJ_AXIS_PCNT; i++)

{
ploCUR_X,CUR_Y);
1f (ERROR_TERM > 0)

{

CUR_X += xstep;
CUR_Y += ystep;
I}ERROR_TE += DEST

else

}

DESTY_AXSTP 2*dminor
ERROR_TERM 2*dminor — dmajor
Where:
dminor = length of minor axis projection
dmajor = length of major axis projection
{CMD_LINEO

When using SSVs, the Command Register must first
be set for no drawing command (CMD_NOP) and
Short Stroke Vectors Enabled (LINETYPE = 1).

LASTPIX and BYTSEQ Command Register bits are
used by the SSV command. After the Command
Register is set, a series of SSV drawing orders may
be written to the SHORT_STROKE Register. This
series may be padded with Null SSV bytes (all 0's).

Each SSV specifies a length (0 to 15 pixels), a
direction (multiple of 45°), and a bit to indicate
whether the SSV is drawn (visible) or not
(invisible).

In all SSVs, the Current Position (CUR_X,CUR_Y)
is moved from the starting position to a position
which is N pixels (Length) away from the starting
position, in the direction specified. A length of "0"
will cause no movement. If drawing is not specified
(SSVDRAW=0), no writes to memory arc
performed.

If drawing is specified, writes to memory take place
as the current position is moved. The first pixel is
always drawn at the Current Position. If LASTPIX
is set, N pixels are written. If LASTPIX is not set,
N + 1 pixels are written. If LASTPIX = 1 and
LENGTH = 0, one pixel is drawn at the Current
Position.

See the SSV register description for more details.

RECTANGLE

The 82C481 has one form of bitblt called Copy
Rectangle (CMD_BITBLT), and three forms of
rectangle fill called Fast Rectangle (CMD_RECTV?2),
Rectangle X (CMD_RECT), and Rectangle Y
(CMD_RECTV1). Each of these is selected by the
Draw Command bits in the Command Register
CMDJ[15:13]. Only the CMD_RECT and
CMD_BITBLT can be used in high color modes.
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Functional Description

Copy Rectangle

The Copy Rectangle (CMD_BITBLT) command is a
2-pass algorithm used for copying one region of
image bitmap memory into another in foreground or
background.

In TP mode, it may also be used to conditionally blit
system memory data into the Destination rectangle,
contingent upon Source rectangle data. This setup
would require PLANAR = 0 and MIXSEL = 11.
This is not a standard usage of Through Plane mode
according to IBM. This usage implies switching
between Foreground and Background Mixes (based
on Source data).

The first pass of the algorithm reads data from the
Source image bitmap rectangle into the scratch
register. The motion algorithm used for reading is
identical to the Rectangle X algorithm in Across
Plane mode (below) taking advantage of Nugg
mode when possible. During this pass, pixel data’is.
realigned through a barrel shifter into its Destindtion
Intra-Nugget Pixel Position (INPP) alignm '
ALU is not used in this pass. If Comm ‘

Across Planes is the only viable format;:
this way is in the original INPP alignme

Source Data, as chosen by the Mix. The algonthm
used is identical to Rectangle X, using either Across
or Through Plane mode. Across Plane mode is the
fastest mode, using 1 bit-per pixel Variable Data (if
AP = WRTDATA = 1), Pattern Register Data, or

Source Data as the Mix select. The Color
Comparators may be used to control Underpaint in
4bpp and 8bpp modes.

Fast Rectangle

CMD_RECTV2 uses a left-to-right alternating up-
down sweep algorithm, and always draws a nugget
at a time where possible. This is not the fastest
rectangle command, but it is the faster of the two
Y-direction rectangle commands. This command
should not be used in high color (16bpp/32bpp)
modes.

If the left edge of the rectangle is nugget-aligned,
drawing starts in nugget mode. Othecrwise, drawing
starts as follows: drawing starts in pixel mode at the
upper-left comer of the rectangle. One pixel at a time

T-52-33-45

is drawn, going to the right until a nugget boundary
is reached; a maximum of three pixels (four for five-
pixel nuggets) are drawn this way. Drawing
proceeds downwards, drawing one partial nugget at
a time until the bottom of the rectangle is reached.
The write enables are used to write only the pixels of
the nugget that fall inside the rectangle. The Current
Position moves right to the next nugget, and drawing
proceeds upwards in nugget mode. Drawing
continues in nugget mode, alternating up and down
directions, until the right edge of the rectangle to be
drawn is less than a nugget wide.

If the right edge of the rectangle is nugget-aligned,
drawing ends in nugget mode. Otherwise, the right
edge is drawn exactly as described above for the left
edge; one pixel at a time, until the right edge of the
ctangle is reached.

Fast.Rectanglei--. assumes A( ross Plane operation.

Rectangle X (CMD_RECT) drawing command
is‘used for drawing or reading a rectangle in a hori-
zontal orientation. This may be used in either TP or
AP modes. In TP mode, it may be used most
effectively for copying Variatle Data between system
memory and image memory. In AP mode, it is the
fastest drawing command for large area fills, since it
makes optimum use of page mode. It is also the
drawing command used for area fills and floods (see
below).

Motion starts in the upper left-hand corner of the
rectangle (assuming INC_X and INC_Y are set in
the command register), and proceeds to the right.
Once the right end of the rectangle is reached, the Y
position is incremented, and X position is reset to the
left edge of the rectangle. Motion then repeats as in
the first row, continuing until the whole rectangle is
drawn.

When a full nugget can be written, this drawing
algorithm will take full advantage of "nugget mode".
All pixels within the nugget will be drawn by the
drawing engine in one machine cycle. Otherwise,
pixels in less than full nuggets (e.g. at the left and
right edges or rectangles) will be drawn in "pixel
mode", accumulating Write Enables one pixel at a
time. In 4bpp mode using 1M (2048 x1024 x 4bpp)
nugget mode operates 4 pixels at a time since it is
limited by the number of ALU's internal to the
82C481.
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Functional Description

Nugget mode is never used in TP mode, because TP
requires one memory cycle per pixel.

Y Rectangle

Rectangle Y (CMD_RECTV1) is used for drawing
or reading a rectangle one pixel at a time in a vertical
orientation. This type of drawing motion is useful
for TP data manipulation, particularly copying Pixel
Data between the system memory and bitmap when
the data is vertically oriented. While it may be used
in AP mode, it offers no speed advantage. Motion
starts in the upper left-hand corner of the rectangle
(assuming INC_X and INC_Y are set in the
Command register) and proceeds downward in a 1-
pixel-wide column. Once at the bottom of the
rectangle, the X position is moved right by one
pixel, and the Y position is reset to the top of the
rectangle. This motion repeats for all columns, and

the process continues until the whole rectangle is.

drawn. This command can be used in 8bpp an
4bpp modes.

POLYGON FILL

The 82C481 contains hardware to perform Polygor
Fills using the CMD_RECT command:with:the

proper PLANEMODE bit values. Polygon Fillis~

defined as filling an arbitrary area using any-available
mix, where the area is defined by a continuou

boundary of the specified boundary color(s). The"
filled.

area may be concave or contain holes, and is.
using an "odd/even” algorithm. The area is filled by
setting up a destination rectangle which encloses the
polygon, setting PLANEMODE = 1Xb, and
performing a CMD_RECT command. The 82C481
fills the polygon in AP mode, four pixels at a time, at
full speed. Polygon fill only works in 4bpp and
8bpp modes.

Inside detection is done by defining the left edge of
the destination rectangle as "outside". For each scan
line, each time a pixel of the boundary color is
crossed, the inside/outside state is toggled. The
82C481 can handle multiple inside/outside
transitions per nugget.

There are two methods of defining the boundary
color(s), selected by PLANEMODE bit O:

If PLANEMODE[O] = 0, the boundary is defined to
be those pixels having 1s in all bit positions where
there are 1s in the Plane Read Mask (RD_MASK).
The Plane Mask applied during the fill operation is:

Plane Mask = WRT_MASK * ~RD_MASK)

Usually, a single plane would be used to mark the
boundary, and if this plane is masked off from the

T-52-33-45

palette, the boundary would be invisible; this limits
the system to 128 colors. When filling the polygon,
the left boundary is marked but not the right; this
allows producing a filled polygon that is only one
pixel wide.

If PLANEMODE|[0] = 1, the boundary is defined to
be those pixels having 1s in all bit positions where
there are 1s in the Plane Write Mask (WRT_MASK)
register. For example, if WRT_MASK = FFh, the
boundary would be marked in color FFh. The Plane
Mask applied during the fill operation is:

Plane Mask = WRT_MASK

When filling the polygon, both the right and left
boundaries are overwritten with the selected color.
The advantage of this method is it does not require a
eparate plane to mark the boundary, so it is the only

~one that works with a 256 color system.

_ wing outlines of areas, the 82C481
n Ogtline command. This is similar to the
amand, but after drawing the first pixel of
it‘draws a pixel only when the Y coordinate
, This produces a boundary of the
Téssed area which is compatible with the Area Fill
orithm. Area filling may produce the wrong
esults if the boundary is self-intersecting. Using

*XOR mix with the Outline command will eliminate

some errors, but not all. Careful orientation of the
outline commands can ensure a correct result. The
high color modes are not supportted by the Outline
command.

There is a variation of the area fill function which
may be called the Fill/BitBlt. This allows a BitBlt to
be done to the interior of a polygon. The Fill/BitBlt
uses the RD_MASK and WRT_MASK exactly the
same as the standard Fill operation.

TEXT MODES

There is no hardware text mode as in the VGA. The
IBM 8514/A Adapter Interface (AI) supports two
types of fonts: bitmapped fonts and stroke fonts.
Bitmap fonts are stored in system memory as
bitmaps, and stroke fonts are stored as a sequence of
SSVs. The Al maintains a most-recently-used cache
of four fonts of either type in a non-displayed area of
the bitmap. If the character is in the cache, it can be
drawn by just blitting (stretch blit); if it is not cached,
the AI takes care of generating an image of the
character and adding it to the cache.
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Application Schematic Examples

This section includes schematic examples showing
how to connect the 82C481 chip. The schematics
are broken down into three main groups for
discussion:

1) System Bus Interface
82C481 PC/AT (ISA) Bus Circuit Example:

Interfacing the 82C481 to the PC Bus
requires buffering of the data bus
(74LS245) and optional connection of an
EPROM/ROM. All other connections
between the PC Bus and the 82C481 are
direct and do not require any additional
components. If a 32K ROM is used and
paging into an 8K address space is
desired, then the Monitor ID bits must be
driven onto pins MS2:0 by a 741.S244 or
74L.S125.

82C481 Unlatched ISA Bus Circuit Example:

Interfacing the 82C481 to the PC Bus
requires buffering of the data bus

‘ (74LS245) and optional connection of an
EPROM/ROM. All other connections
between the PC Bus and the 82C481 are
direct and do not require any additional
components. If a 32K ROM is used and
paging into an 8K address space is
desired, then the Monitor ID bits must be
driven onto pins MS2:0 by a 74L.S244 or
74LS125.

82C481Micro Channel Bus CircuitExample:

Interfacing the 82C481 to the Micro
Channel Bus requires buffering of the data
bus (74.S245) and optional connection of
an EPROM/ROM. If a ROM is used, the
ROM addresses need to be latched using
74L.S373 octal latches or equivalent. All
other connections between the PC Bus
and the 82C481 are direct and do not
require any additional components. If a
32K ROM is used and paging into an 8K
address space is desired, then the Monitor
ID bits must be driven onto pins MS2:0
by a 7415244 or 74L.S125.

2) Display Memory Interface

82C481 Memory Configuration A:

. This is one of the memory configurations
which is commonly implemented for

T-52-33-45

Application Schematic Examples

support of lower resolutions (1280x1024
or below). It is backwards compatible
with the 82C480 design. New designs
will add nibble mode support (below)
unless they use 256K x § VRAMs.

In this configuration, the memory banks
are interleaved horizontally and share the
same 32/40 bit serial data path.

82C481 MemoryConfiguration A with nibble
mode support:

This is the memory configuration which is
most commonly implemented for the
lower resolutioris supported by the
82C481 (1280x1024 or below). In this
configuration, the memory bus is 32 bits
wide. It must be noted that the WE
routing shown here is for the 4bpp mode
implemented by the Bt484 RAMDAC. It
is not a standard and most other designs
will route the WE3A:0A/ and WE3:0/ lines
swapped (WEQA/ €«—» WE(/ etc.).

82C481 Memory Configuration B:

This memory configuration is used in high
resolution and / or high color
implementations. It allows the highest
possible serial data output (64/80 bits per
serial clock). This memory configuration
is not compatible with the 82B484 support
chip.

3) Video Interface

82C481 Video Interface Using an InMOS
IMSG176/178 Color RAMDAC:

The IMSG176 is used on the IBM VGA
and 8514/A adapter card. It has a triple 6-
bit DAC output and requires a current
reference. An IMSG178 may be used to
obtain the extended color definition
offered by a triple 8-bit DAC output. An
LM339 is required for Monitor Sense.
Applications implementing S5-pixel
nuggets must use a 74F374 to multiplex
the 82C481 and VGA video data paths.

82C481 Video Interface Using a Brooktree
Bt471/478 Color RAMDAC:

The Bt471/478 are similar in function to
the IMSG176/178. The Bt471/478 are
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Application Schematic Examples

Fo

shown using a voltage reference (44-pin
PLCC). An 1M339 is required for
Monitor Sense unless Bt475/477
RAMDACSs are used. These RAMDACs
implement the voltage comparators
internally eliminating the need for the
LM339. Applications implementing 5-
pixel nuggets must use a 74F374 to
multiplex the 82C481 and VGA video data
paths.

82C481 Video Interface Using a Brooktree
Bt484/485 Color RAMDAC:

The Bt484/485 is a high performance
RAMDAC which has a VGA compatible
register interface. It supports high color
modes (24bpp) as well as high resolution
non-interlaced displays (up to 135MHz).
It also has a hardware cursor which is
complementary to the 82C481. Serial
clock timing must be generated discretely
for this type of implementation but can be
done (SCLKs and SOEs) using a few
standard TTL devices. (Refer to
Application note titled "82C481 Interface
to a Bt484/Bt485 RAMDAC").

4) 64200 Wingine Interface

82C481 Interface to CHIPS 64200
"Wingine" VGA.

The 64200 is designed to share its VGA
video memory with the 82C481. Tt also
replaces the 82B484 support chip for 1M
designs. The 64200 generates all of the
necessary VRAM control signals and
multiplexes the 32 bit serial data path to an
8-bit Bt47x compatible RAMDAC. This
implementation is useful for designs
competing in the high volume VGA
compatible accelerator market.

82C481 / Wingine PCB

The form factor necessary to implement a
wingine + 82C481 design is a small 6.2"
x 4.2" form factor.

1-52-33-45
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RESET
RFSH/
BHE/

MEMRD/

RDY

AEN  [MIO/

IOWR/ [S0/]

IORD/ [S1/]

MEMW/ [MADE24] (QF)
MEMR/ [CMD/]

IRQ9

10CS16/

%f——( MEMCS16/
—A'E S o

B30 1431818 MHZ_ nc

nc

NM]

-

Configuration
nc Options

nc
nc
nc
nc
nc
nc

nc ToOther RESOUTY/

Monitor Sense MS2 MS1 MSO

From Video
Connector

¥

RDY

IRQ [RQ/]
I0CS16/ [DS16/]
MEMI16/ [CSFB/]

ISA/ [SETUP/] (ALE)

RESOUT/

g

ROMPG2 (MS2)

ROMPG1 (MS1)

ROMFGO (MS0)
ROMCS/ [POSEN/]

A23

A22

Optional
EPROM
27256

L]
~J

[
18] (<))

Al3

Al4 VPF—+5V

Al12 OEP

All

Al0

A9

IS 0] [ [
Chl = [0

A8

A7

A6

AS

CED—_L

A4

A3

BDN

A2

Al

[we] (Ne] o] B ] = (4] BN (W3]

—

+5V = B3, B29, D16
GND = B1,B10,B31,D18
D15

A0

BD13

D14

D13

BD1

D12

D11

BD1

D10

BD1

11 N FN [Tl

245

ENA D%Lll'

DIR

D01

raleals fonlonlglooho

A2l
A20

Al9
Al8
Al7
Al6
Al5
Al4
Al3
Al2
All
A10
A9
A8
A7
A6
A5
A4
A3
A2
Al
A0

Note:

RDHY/
D15
D14
D13
D12
D11
D10
D9

D8

For minimum
configurations, the
EPROM and LS244
may be eliminated and
MSO0-2 connected
directly to the 82C481
ROMPG2:0 pins
(connect ROMCS/ to
RESOUTY/ for these
configurations so the
82C481 chip will not
drive ROMPGO0-2).

RDLO/
D7
D6
D5
D4
D3
D2
D1

DO

L—— Address to Color Palette BD7:0 Data To Color Palette
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}2 RESET .
A RFSH/

Ld HE/
1S JAEN  [MIO))
ZqIOWR/  [S0/]
LEJIORD/ (51

MEMW/ [MADE24] (QF)
MEMRD/ LI4MEMR/ [CMD/]
RDY 431 RDY
1RQY 45

1 1IRQ [IRQ/]

10CS16/ 12d10Cs16/ [DS16/]
MEMCS16/ 22q MEM16/ [CSFB/)

ISA/  [SETUP/] (ALE)

(e

S2 S1 SO
Monitor Sense
From Video 78
Connector g 76
= 74
75

RESOUT/

ROMPG2 (MS2)
ROMPG1 (MS1)
ROMPGO (MS0)

~
~

ROMCS/ [POSEN/]

A23
A22
A2l
A20

3

h
(]

B

(=
=,

Al9
Al8
Al7
Al6
Al5
Al4
Al3
Al2
All
Al0
A9

A8

AT

A6

A5
SA4 S Ad

/SA3 4
A3
/' SA2 485

Al
A0

Optional
EPROM

27256

Al4 VP +5V
Al3
Al12 OEp5s~—
All CE
Al0 =
A9
A8
A7
A6
A5
A4
A3

=

)}
—

=

N
~J

et

<o

)
3

BN
=)

Note:

Aia
A 1
+5V = B3, B29, D16

GND = B1,B10,B31,D18 ENA
3 D15 o PIRMT 5D
C}7 D14 % 12 BD1
16 D13 Z H 13 _BD13

5|
4
3
2

RDHI/ For minimum
D15 configurations, the
o EPROM and LS244
D12 may be eliminated and
Di1 MSO0-2 connected
D10 directly to the 82C481
D9 ROMPG2:0 pins
D8 (connect ROMCS/ to
RDLO/ RESOUT/ for these
D7 configurations so the
D6 82C481 chip will not

D5 drive ROMPGO-2).
D4

¢> 15 BD2 D3

) o
D1
245 |18 DO

— N
|— Address to Color Palette k. BD7:0 Data To Color Palette
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RESET 15

RESET
RESH/

Q| BHE/

oJAEN  [MIO/]

2 IOWR/  [S0/]

dIORD/  [S1/]

= MEMW/ [MADE24] (QF)
+3dMEMR/ [CMD/]

2 RDY

5{IRQ_ [IRQ/
+7d10Cs16/ [DS16/]

55 MEM16/ [CSFB/]
<qISA/  [SETUP/] (ALE)

From Video 78
To Other _RESQUT/ | Connector * Q RESOU'T/

Configuration ROMPG2 (MS2)
Options >—— 75{ROMPG1 (MS1)
ROMPGO (MS0)

. S2 S1 S0
IE z Monitor Sense i LS125 or LS244

QQ ROMCS/ [POSEN/]

23 A23
A22 Note:

68

1] A21 E ..
A20 or minimum

configurations, the
Bl ) 19 _ A19  EPROM, LS373s, and
BL2 17 373 lie Optional EPROM A1 15244 may be eliminated
Bl 1 15 and address latches A17 " 4nd MSO-2 connected
BLS 1 12 AlS  Girectly to the 82C481
Ble gD Qg B8, Als  CIeEy 10 (e
. BI8 . 3 56|A14 VP— 45V A14 ROMPG2:0 pins (connect
B1 v 2 S Al3  ROMCS/ to RESOUT/ for
B20 3L el2 —53]|A12 OEPSG Al2  these configurations so the
an i —|_ 211410 <P A1l 82C481 chip will not drive
A06 A ! A4 L 24 = A9 ROMPGO-2).
A0S 4 . N 234 A8 A8
AT 349 17 373 {16 2% A6
A12 14 1> A5 AS
Al3 A b ¢ i SlAd A4
Al4 3 3|A3 A3 82C481
AlG A 7 3 o|A2 A2 Micro Channel
Al7 Al Al MO B
AlS L ER 1920 AD (MC) Bus
Ly Clrcultle
- DIk 224 RDHY/ X
D15 11_BDIS 239505
D14 g 12_BDI 24 |52
D13 7 g-»H3_BD12 25 1113
D12 % 14_BD] 26 1515
D11 &5 8D 271 D17 Note:
]3(1)8 g A B 9, Bg 1 %g D10 The address (register
D08 245118  BD 30 gg select) connections to the
ENAD-L2 N color palette (RAMDAC)
. DIR— 3ldRDLO; ~ may be unlatched
Ad2 ) % 3 i; gm == D7 addresses as the palette
A‘Ll__( DO5 g 13 __RD 34 D6 chip internally latches
;i(()) <2 Do Hy% B 35 Bi address inputs on the
&——( D03 <5 8D 36 leading edge of PALRD/
B 2w 4 16 37123
. A8 —eot 3 A BHZ >aD2 and PALWR/.
B38 3 D1
A37T_)—100 2 245 [18 39 150
L— A15,1:0 To Color Palette BD7:0 To Color Palente
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116 33 » Strap CAS2/ and CAS3/ for the ‘
(IM) MAS 115 :':v: O---O i— (optimal) (as reg'd) number of VRAM banks installed:
mg ISEEVAA 256K VRAM 1,5244/1 x8 (00=1, 01=2, 10=illegal, 11=4 banks)
113 aaa O-- « Install 256K jumper for 286K rams
MA2 2w oo N « Instal 4PN jumper if pixel 4 d
MA3 11 ‘:‘:‘ 4PN =+ jumper if pixel 4 pot use
MA2H 10w
MAl 08 A'A"
MAO AMA
S4D7:0
(8BP) P4D7 |18 S7:0p== S7: ST S7:
gg% gigg A< \ A8 (256Kx4) [— A8 (256Kx4) A8 (256Kx4) —]A8 (256Kx4)
A7:0 oot A7:0 et A7:0 =
[RBi)PaDatl2d & D7:0 9% i D7:0 g Xd fed D7:0 RO N fed
(RBO) P4D3 (=52 AWE e L dWE —c
(WE3A/) PAD2 148 DSF (256Kx4) }+— DSF (256Kx4) [— DSF (256Kx4) |—
(WE2A/) P4D1 |52 O DTOE — DTOE — DTOE —c
(WEIA/) PADO ARAS —dRAS —dRAS —d RAS
117 33 CAS SOE SC CAS SOE _SC CAS SOE_SC
WEOA/ pE—W—
H=2
P3D7 1:‘1) S 7 O] ST S7 O :
P3D6 555 A8 (256Kx4) [—]A8 (256Kx4) A8 (256Kx4) |—] A8 (256Kx4)
P3D5 133 ? AT:0 Twoxd [™1A70 Twoxa [™1A7:0 Twoxa [1A7:0 Twoxd
EUS1 PR 7 I D7:0 yrams [TJD7:0 vrams [ RZ0 vrams [T D70 vRAMS
P3D3 =2 Te — WE — WE —d WE
82C481 P3D2 5% DSF (256Kx4) |—{DSE (256Kx4) — DSF (256Kx4) — DSF (256K x4)
VRAM P3D1 =8 d DTOE —d DTOE —d DTOE —d DICE
P3DO—= —dRAS . —RAS —CQ RAS —Q
Memory 129 33 CAS SOE_SC CAS SOE SC CAS SOE_SC
Circuit WE3/ p—=—M—
Crest " YY1 77 ]
mp P2D7 25 §7: S7 ; (e S7:
. ggg Y A8 (256Kx4) [— A8 (256Kx4) [—A8 (256Kx4)
M L A7:0 et A7:0 et A7:0 =
emory P2D4 jg é D7:0 ’I\vol)q: { D7:0 'l‘wo;;: —{ D7:0 Twoly::s -
Configur- P2D3 147 WE = —d WE —Q
ation A P2D2 4 DSF (256Kx4) |— DSF (256Kx4) |— DSF (256Kx4) |—
(82C480 P2D1 oo -C| DTOE ] DTOE —d DTOE =
dble P2D0 dRAS -QRAS —QRAS g
compatible 33 CAS SOE SC CAS SOE SC CAS SOE SC
wE2/ pli& aa—
P1D7 2] S7 - Ofeed S7:0p= S7: O $7:0
P1D6 (25 l A8 (256Kx4) [—1A8 (256Kx4) [—|A8(256Kx4) [T A8 (256Kx4)
]};}gi 54 ) | g;g Twoxd4 [ D7:g Two x4 : S;g Two x4 : D70 0 Twoxd
Note:] Plxs:;4 P1D3 :; dwg VYRAMs _dWE VRAMSs | AwWE VRAMSs | qwE VRAMs
1s °5“ y “l PID2155 DSF (256Kx4) — DSF (256Kx4) - DSFE(256Kx4) o BSES DSF (256Kx4)
in 5-pixe P1D1 QA DTO —d DTOE DTO! i
systems PiDo28 CRAS —QRAS —CRAS —J RA
(normally used 150 33 CAS SOE SC CAS SOE_SC CAS SOE _SC CAS SOE_SC
for 1280 WE1/ p~=——W— T ‘i’
horizontal 3 T T ? T SOD7:0
lution) POD7 n S7: S7: S$7: S7:
resofution POD6 |2 A8 (256Kx4) A8 (256Kx4) [—]A8(256Kx4) [—]A8 (256Kx4)
POD5 AT:0 ot A7:0 et A7:0 —t A7:0
PODA4{S + D7:0 gexd L0 TwoX D70 yro X f=lDT:0 st
POD3 —dWE S -G —QWE —QWE
POD2 g DSF (256Kx4) +— DSF (256Kx4) |—DSF (256Kx4) |— DSF (256Kx4)
POD1 = d DTOE —C DTOE —d DIOE —d DTOE
PODO 0—ORAS —CRAS —QRAS —qRAS
33 CAS SOE SC CAS SOE S CAS SOE SC CASSQE sC
o ooy || Y Y
DTOE L& A SCLK1
RAS/ b 06 .:.:. SCLKO
(BNK1) CAS3/ pL33 casy | 0---0—} ! T
(BNKO) CAS2/ ST 1 casy BANKSI —O---0—ik SOEL/
CAS1/[ogz—AMW— T BANKS0
CASO1/P L SOB0/
CASO pIB—aas CASO/
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T-52-33-45
""'" ‘h H ir : ® Application Schematic Examples
. Warning: The WE line connections match the pixel shift order used by the
M) MASHLS Bt484 in 4bpp mode. These connections may be different for other color
%ﬁg T palette designs.
MAsH3
MA4HTE A
MA3H1—MWA
MA2 AA
MA1{132—M—8 ?
MAO A P
18
(8BP) P4D7
®RSIZ) P4D6HL2 ?l
(RSIZ) P4D5H2S
(RB1) P4D4|5£2
(RBO) P43 22
(WE3A/) PAD2H 58—
(WE2A/) PAD1 HET A
(WE1A/) PADOH23_App
117
WE4/ Dgs—w— AS8:0 Qe A 8:0
WEOA/ D22—aW SD7:0 SD7:0 PD SD7:0
30 D7:0 D7:0
p3D7H3 T
31 A A wo
P3D6 37 qQRAS/ 356Kx4 —qRAS/ 256Kx4
P3D5H=% QWEH/ yoaare qWEH o
P3D4 2> WEL/ L g WEL/ S
P3D3L=2 dDTOE/ d DTOE/
P3D222 FWE FWE
P3D1H3S o—dCASH/ —d CASH/
P3DOH3 CASL/ —d CASL/
WE bL22 aa SOE/ SC SOE/ SC
" T 1 T ]
P2D7 y 1 A8:0 [ AS8:0
P2Dé14- SD7:0 SD7:Ofusmsme PC SD7:0
p2Dsl4d ¢ D7:0 p7o
P2D4 ,. 0 pu
p2p3148 YRAS/ 256Kxd GRAS/ 256Kxd
P2D2P :&Ey\mAMs :&%ﬂ' s
P2p1 14 g )
P2DO[142 s i S
| 138 ,, o CASH/ ¢—C CASH/
WE2/ D=2 LdcasLy ¢+—d CasL/
pip7H3l SOE/ _SC SOE/ _SC
PIDs 12 T | T |
PID4L54 P=1r3:0 [ A8:0
55 SD7:0 SD7:0f=== PB SD7:0
PID3MS% D7:0 D7:0
Note:  Pixel 4 gg% 57 dras/ "RA‘S/
is not used in 58 pu 256Kx4 pu 256Kx4
Nibble Mode P1DO [ Wi, VRAMs — g WE YRAMs
systems. This WE1/ Dﬁlw__] dDTOE/ d DTOE/
circuit will 2 FWE FWE
support 2048 POD7 y 9—C CASH/ —C] CASH/
< 1024 % 4 PoD6 |3 LdcasLy ¢—dcasL/
from bank 0 %gz 6 SOE/ SC SOE/ _SC
(IM). To POD3 ; Y1 T |
enable the %g% 9 A8:0 SD70 A8:0 SD7:0, PA SD7:0
alternate 10 . g . p— :
WEIAOA PODO D7:0 . D7:0
signals, WEO/ D2 QRAS/ 256Kx4 QRAS/ 956Kx4
FRAME must FWE |36 ma 5% VRAMs QWEH/ yRAMs
oY AAA At
be pulled low DK B1os YW dDTOE/ Q DTOE/
during reset. (BNK1) CAS3/ 103 a4 CAS3/ | FWE FWE
(BNKO) CAS2/ D102 apaCAS2/__ 2-tgeasty —(Q CASH/
CAS1/ ;99 A'VA"A CASL/ — CASL/
CASO1/DS T SO CCAAgg} . SQE/_SC SOE/ _SC
. — CASO/p=—W CAS1/
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1-52-33-45
Application Schematic Examples

« Strap CAS2/ and CAS3/ for the

._.
-
=N
>
()
»
<

This Materi al

Copyrighted By Its Respective Manufacturer

(IM) MAS VV O---O (optimal) (as ray'd) number of VRAM banks installed:
115 o
mg IBEEPAA 256K VRAM =+ LSZ44/I x8 (00=n/a, 01=2, 10=3, 11=4 banks)
MAS Hg A:A:A o"'o__L « Install IMVRAM jumper for 256K rams
MA4-T—MW o‘;l;b?"l - « Install 4PN jumper if pixel 4 pot used
MA3HLL =
MA2 (155
MAOLLOE _an S4X790
S4D7
(8BP) PAD7H12 L sv;q—l ST S
((ﬁgg g:gg 135 A8 (256Kx4) |— A8 (256Kx4) A8 (256Kx4) |—] A8 (256Kx4)
A7:0 Twoxd [1A7:0 Twoxd A7:0 Twox4 [1A7:0 Twoxd
(RB1) P4D4 _ng_. D7:0 et [)7:0 D7:0 pt )7:0
(RBO) P4D3 156 dwe VRAMs | d@p VRAMs | dyr VRAMs | gyp
(WE3A/) PAD2{1£S DSF (256Kx4) |— DSF (256Kx4) DSF (256Kx4) |— DSF (256Kx4)
(WE2A/) PAD1 55 DTCE — DTOE ——d DTOE —d DTOE
(WE1A/) P4DO —dRAS L dRAS ——dRAS —dRAS
WE4/ DilT” 33 CAS SOE_SC CAS SOE_SC c.és 3813 slc ces SSE slc S$3X70
WEOA/ = 11 | T 1
30 S3D79
——~ P3D7Hs? 570 SE SE e
82C481 P3D6 [ A8 (256Kx4) 56Kx4) [—] A8 (256Kx4)
VRAM P3D5H%% 0 Two x4 et A7:0 Two x4
Memory P3D4r 5% ) § D7:0 yvpAMs ™=1D7:0 yRaMs
i P3D3 7 -QWE —Q WE
Circuit P3D2 =2 DSF (256Kx4) — DSF (256K x4)
Example P3D1 = i QDTOE —Q DTOE
. P3DO}= g —qg RAg s
33 CAS SOE_SC
Memory WE3/ 129 0 O S2X70
Configur- 42 1 { S2D7:0
ation B P2D7 =73 S§7: $7:0
(64/80- gzzgx:, v A8 (256Kx4) — A8 (256Kx4)
oo s A7:0 p—t{ A7:0
it vie) - pavalss—4 b7 D70 Tt FIB70 et o
P2D3 12 WE s —dWE
P2D2H2S DSF (256Kx4) DSF (256Kx4) +— DSF (256Kx4)
P2D1 5% —dDIOE DTOE —d DTOE
P2D0 dRAS - RAS - qRAS
33 CAS SOE_SC CAS SOE sC CAS SOE_SC
Note: WE2/ I OO ] (o) S1X70
Pixel 4 | 1 | | | S1D790
is";’ﬂ P1D7 S7 - Ot s7:0—[ S7: e 7 - O
ly P1D6 A8 (256Kx4) — A8 (256Kx4) A8 (256Kx4) A8 (256Kx4)
used in P1D5 0 Twoxd ™1A7:0 Twoxd A7:0 Twoxd T™1A7:0 Twoxd
5-pixel P1D4 D7:0 ==t D7:0 D7:0 pd D7:0
Syl:[ems P1D3 qwg VRAMs L qyp VRAMs L gy VRAMs L qyg @ VRAMs
P1D2 DSF (256Kx4) — DSF (256Kx4) DSE (256Kx4) —DSF (256Kx4)
(normal- P1D1 g DTOE 0 DTOE ———q DICE Q| DTOE
ly used P1DO —dRAS ___ —QRAS ___ ——qRAS ___ —qRAS
for 1280 CAS SOE_SC CAS SOE_SC CAS SOE_SC CAS SOE _SC
horizon- WE1/ T T I Tr T I OO ] U U] S0X7:0
3 _l 1 i | | | | SOD7:0
tal reso- POD7 m S7: S7:08 « (e §7 : (—
lution) Pogg 2 A8 (256Kx4) A8 (256Kx4) A8 (256Kx4) — A8 (256Kx4)
PO A7:0 e A7:0 AT:0 pmed A7:0
POD4|S ! D7:0 gro*d t=ID7:0 Khydo D7:0 yroxd t={D7:0 Lhjeod
POD3[2 -QWE S 9 ——dWE - dwg YRA
POD218 DSF (256Kx4) |—]DSF (256Kx4) DSF (256Kx4) }— DSF (256Kx4)
POD1 5+ < DTOE —d DTOE ——— DTOE —d DTOE
PODO b dRAS —QRAS L gRAS -0 RAS
CAS SOE SC S SOE SC CASSOE SC
WEO/ o] S I
FWE SCLKQ
DTOE/ SCLK1
RAS/
(BNK1) CAS3/ 1L SOE3/
(BNKO) (éAAsszl/ o---0—» oS
/ o&_W_CMJJ_M S
CASOI/D%% BANKSO L SOE(/ .
CASO/ P> A
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Remove jumpers and use 74F574 in 5-pixel nugget configurations VP7

YBS (77157
N,
<

12-15(C6)

12-17(C5
a1 9«:48
vl 22l
YPO 5951
T

$900000
86866660
JE

34dislel7 1819 J1 = Analog Video
D ; J2 = VGA Video - flat ribbon conn pin #s (C=component side,

g
S4D6 (VP6) . pou 46 S=solder side card edge conn pin #s, pin 1 near bracket)
SaDs (VPS) TYTIqI3I41 12 +5V

32 54D4 (VP4) — X 1
S4D3 (VP3) 47uH +

sap2 L1754 =
: S4D2 (VP2) F 047
saD1 1S3 ant (vpi) o1 22uF| 01| 0

S4D0 §56 410 (vPo) o1 v
_116 ) 10 x Rset
.3312;2; S3D7 < ,_.|
S3D6 8] S3D6 O~ Rset 1%
241 S3D5
S3D4 60 g3y 1N4148
61 24
S3R3 6l g3n3 P7
62 25
S3D2 64 o3py P6
66 37
S3R0 68 53p P4 £
P3 [52
&D-L% S2D7 P2 (22
-SZD-G—@ S2D6 P15}
-52D5—70 S2D5 PO
S2D4 70
71] S2D4 21
-52D3—72 S2D3 MBLANK/ p25
. -32D2—73 $2D2 PCLK
S2D1 73 gy
S2D0 74
S2D0

-SlLY% S1D7 82B484
S1D6 78l g1pe
78| 31D5 | ghift
S1D4 78 sipa | SPIft
S1R3 79 ¢ 3 | Direction
mz_s_g S1D2 PALRD/ SENSE
-5-1-111—4 S1D1 25| 8BITDAC HSYNC
SIRO _Hq1po L_o--¢ d RESOUT/ VSYNC

S4D7 (VP7) VPCLK

=T YRS

A

\./

)
YY)

N NN R N[N b2
e 004 551 B ¥ e ) e

RSO DO
PLCC-32

oholon b lon
e

Y“

)

c

(339 340 L.

< No f\'?f\n 4
ZZ
na
@
]
] b o]
IHH <
Lh ge )

PALWR; 82C481

1
Hﬂ

S0D7 S gopy NcLK H2 88l NCLK VHSYNC
S0pe & sop6 ¥ . % VVSYNC Digital 715
59115—8 SODS  (BANK) AF 53 AF_ (BANK) Gnd —
S0D4 ____Sgops  (ILV) CSEL2 > Se| CSEL2 L)
S0D3 9 5op3  (SPN) CSEL1 CSEL1 (5PN)

SOD2  (PS8) CSELO CSELO (PS8) MCLK
SOD1L__ 11 ¢on] BLANK/ 16 244 BLANK/ Gnd

S0D0 12 5opg VBLANK/ P> FRAME LY

34 RESET RESET n/c
SCLK1 - 34 SCLK1
SCLKO 32 45

SCLKO CLKDIR (100ns RAMs) 1 33

SQE3/ 354 SOE3/ CLK3 |22 0--0 F—— i

_smaz%go SOE2/ CLK2 4‘1) O--0 D :E'

m%c SOE1/ CLK1 [ (120ns RAMs)  74F74
SOE0/ CLKO

oo

DN
1]
R
=

\ A

3_25.175 MHz
VRAM 44 900 MH Rset = (21.3) (RL) = 22.0Q for Vout=0.64V, RL=150
H out +75) = 15.4Q for Voul=0.70V, R; = 75
65 M Qp (Vou)(R; +75) L

- 0 MH Op
Al
From “aAq

System RBDZ.Q
Bus RESET

Revision 0.3 107 Advance Product Information 82C481
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\n 'r’:® Application Schematic Examples
. e . .
O— Remove jumpers and use 74F574 in 5-pixel nugget configurations vpP7 iR
- VP& i
O--0 C1213(C7
—O0--0 YPS o~
-O---O— YP4 2
O---O— VP3¢
—O--O YP2 -
—O0--O VPl S
O--O VPO 2=
vmnjtt
213UI1516171819 +5V _m - -
BsaD7 (VP7)  VPCLK |18 lf’ D 470l + 1T 1
51] S4D6 (VP6)  ,pouT |46 ¢ E 1 4 2oufl 011 0.047
e e e At Lo
LIS 3403 (V) 23012 AVCCIZIE YT o | J1 = Analog Video
s4D1 L[ 55| 34D2 (VP2) T#$550L1  AVCCHS =< =< $ J2=VGA Video - flat
SaDg oL 56] S4D1 (VPD) = $<|OL0_  OPALsH 470" tibbon conn pin #s (C=
$4D0 (VPO) 5 SYNC COMP==¢ comp, S=solder sid
—C p. S=solder side
S3D7 ST s3p7 VREFI2L Rset 1% card edge conn pin #s,
M S3D6 IREF 28 Vref pin 1 near bracket)
ﬁmj__gg S3D5 SETUP 1.2v LM339 & 385
o | o [
S32 6% 53p) P6 22 for BT475,7.9
3D 094 5315y PS5
S3D0 66 S3D0 P4 %Z; .
S2Dp7 67 P3129 ¢ 2
o4 s2p7 P2 53 o 113
jm__szl:sw S2D6 P15y s
sop3 71] 52D4 21 (13] 1509 t
S2D3 MBLANK/ P DS YP
S22 THsom2 PCLK 22 D4t
2Dl sopg D3
S2D0 74 $2D0 D2 10 11-9
18 9 1-15
RS1 D12
SIDZ I3 517 82B484 171 RS0 Do}
S8 2 s1D6 PLCC-44 a ! 0.1
SIS 77 S1D5 . —
SID4 78| 31pa | Shift 1o
S1D3 79 qjp3 | Direction PALWR/ 82C481
S1D2 80 g;pp PALRD/ SENSE |22
3 90 —
SIRL 4 51D1 SBITDAC HSYNC |55 C T3
S1R0 2 51po RESOUT/ VSYNC 114 )
o A A N e e o v
S0DS  75ops  (BANK) AF Hi 9N AF  (BANK) Gnd L -
Sop4  85opa  (LV) CSEL2 H2 23l CSEL2 aLV) i —
S0D3 3 s0D3  (SPN) CSELI 3 CSEL1 (5PN) . Analo s
02 14 sop2 (PS8) CSELO | 4g 51 CSELO (PS8) ~ MCLK Gnd 3
00012 §9p5 VBLAANKJNKI i i 104
R ESET 18 15| RESET FRAMEF— Ms2—C_J14 )
SCLK1 34 gep k) nell| ms1—C 1129
SCLKO 32 scLKo CLKDIR |45 (100ns RAMs) 33 Mso—C_JL-1L )
SOEY 399 SOE3/ CLK3 52 —0--0 D3 - | ———(T55 i
SO/ _5d SOE2/ CLK2 135 O---0 e 2:3(C12
SQELL_2/dq SOE1/ CLK1 (120ns RAMs)  74F74
SOEN/ 384 50E( CLKo 4 127 (C10
From / - Ry, (ohms) = K * 1000 * V_ (V) 0
VRAM T (mA) 12-26(S1)
Array - Ry =150Q, V=064V (I =12.8mA): %%‘i ( §§’)
63 Mz (U 6-bit: K=3.000, R__,=281Q 5
80 MHz (Op set J2-12(S8
A5 ALD 8-bit: K=3.175, R_,~208Q 12-10(S9
From 128 (S10 .
Systemaiad 82C481 Video Circuit Example - 6/8-Bit External 126 (S11
Bus RESET Color Palette (BT471 / 478)
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CHIFS S s

LCLR)—LCLK
GADC E Vga Pixel Clock

SCLK 480 Bl
AF

BLANK/ 65 [ 81
6 73 Bl o| BLANK LCLK
sRIMCLK Bm 93 8| CSYNC scLk (83 C3CRD)
VSYNC [ 12y 66 | ELD 78
%0 > PSEL PCLKO
HSYNC CIi-13) 76
S [10Z < 8 PCLK1
LD [63 POSDT0 8 pa7 46
LPA6 SENSE p26— N
PAS errite
2PA4  AVCC D99 YAAy o A5V
o7 qpas  avec (i L L L
CLKSELO 96 5 PA2 AVCC a5 22uF |0.110.047
CLKSEL1 (28 Hpa1  AveCi
CLKSEL2 PAO  AVCC[& A
16 AVCC 0.1
82C4s1 oF LK ESb70 13| po7 T
Graplncs L 14 COMP 41
Accelerator 1
PALRD/pS2 1
PALWR/ 34 0
9 o
A..4‘
D' L—IXTAL IN MCLK
—Tenis | XTAL OUT CLK
—8|MCLKSELO CLKSELO
User IMCLKSEL1 CLKSEL1
Selectable -l MCLKSEL2 CLKSEL2
=—480MODE 33 Rset 1%
82C403 PD7 FSADJ]{=——A
CLOCK VCC PD6
NC _3qGUTDIS CHIP _$O-16 PD5 10R 33 ]
NC - Reserved DIP-16] , PD4 10G 21 T2
NC 16| Reserved GND PD3 OB —C I3
PD2 T
PD1 g
PDO g::gg’ S S 3 750hm
GAPIO Zg VGA7 RAM
75 VGA6 DAC A
22 vGas
HvGaa
AF 291 VGA3 63
2lvGA2  cDE
88 vGAl
SEL,| BLANK/ VGAO
%Q Blank ) — Rk B s PALRD/ 49| 71
BLANK/) PALWR/ 48| XD 61
ol WR D7 el
- D6
CRESED- Dc RESET/ ARsTN D5 (33
D4
VR (N
Al SRSz D2f5w
System Address A0 50 RS1 D1 54
CSAGD RSO DO
Buffered Data Bus BD7:0 pLecss
ulier ata Bus M
‘ BD7:0
82C481 Video Circuit Example - High Performance
RAMDAC (BT484 / 485)
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\ £ i ' r. 5 Application Schematic Examples
82C404 T-52-33-45
Clock Chip 74F244
M = Feature
3 § Ml & LT Connector
zV UV © a BTA475 or equiv CRT
P0-7, PCLK. BLANK/' 8'Bit Analog RGB .
Bus Control 64200 SENSE RAMDAC Display
Wingine 32-Bit Serial Data % Connector
16-Bit A0-1,15 | | Data
—% T3 ) Tnterface. y Y
HEEEEER 512K/ IM
HEPEEER VRAM
SERL RS ;
> J X
Bus Control A > - Interface L
Address 023 82C481 PALRD/, PALWRL OVERLAY0 . CRT
LS245 "1 Graphics Monitor ID 0-2 .
% Control p HSYNC, VSYNC,, Display
16-Bit Data D sDo.15 | Accelerator Feature * Connector
4 N " Connector
BDO-7
8-Bit 272569 O
Data
Address 0-14 >

;||n||lll

E‘: 1 1213500 ®

00000 000000000 Mz
256Kx4 VRAM OO .
©00000000000000

0000000000000 0 O I
256Kx4 VRAM 011
00000000000000

256Kx4 VRAM DT}
0000000000000 0

256Kx4 VRAM OO

00000000000000 IR
IDOOOOOOOOOOOOO | . -

756Kx4 VRAM (L0
00000 000000000
256Kx4 VRAM LD Q

00000000000000
go0000 000000000

000Q0 000000000 on Tk 4 14.318

or Sierra
RAMDAG
omroa” o O

00000000000000

Q L 27256 BIOS ROM
Q (Socketed)
O0000000C0000000
(000000000 BUOOHULOOG

® =
E LS245 U LTV g LS245

o,
BT47x 5 B0

" =
4.2 J @0
oo

IO00MMD

82C481

ELRITHEIRLN

O ihhpypbp m] g O
< LD 1 AR
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. T-52-33-45
Electrical Specifications

ABSOLUTE MAXIMUM CONDITIONS

Symbol : Parameter
:Power Dissipation

g are exceeded. Functional operation should be restricted to

DC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol_: Parameter ‘Notes. __Min____ Max___ Units
‘Power Supply Current @50 MHzMCLK, 0°C - . 190 ¢ mA
"""""""""""""""""""""""""""""""""""""" Input, Tristate and Bidirectional Pins - 10 uA
- @V[L_ :(”)'SVfér”biris"Wi&'ﬁiéﬁa'bhﬁhbé' - 300 uA
tpu[ Leakage Currem ngh Impcdance ............................................... T T s
05 08  V

oL=-12mA (IRQ, HSYNC, VSYNO) - 04 v

.......................................................................................................................................................................................................................................................................

15, =—6 mA (all others) - 04 |V
u=8mAMRY 24 -V
EIOH =0.5 mA (all others) .24 - A%
Electrical specifications contained herein are preliminary and subject to change without notice. .
111 Advance Product Information 82C481
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\. r' l r : Electrical Specifications

T-52-33-45 .
AC TIMING CHARACTERISTICS - NUGGET CLOCK TIMING

Symbol | Parameter iNotes
Tnax 5Nugget Clock Cycle Time ‘Note 1

.................................................................................................................................................................................................................

TAchn:AF’ CSEL Hold from NCLK High

Note1: The Nugget Clock frequency must be high enough to satis 3
mode will be the one for which the horizontal total vaIu
horizontal scan line. Therefore, for IM VRAMs, the'}
The internal octet clock (post divided NCLK) must#io

AF, CSEL2:0 b
82C481 Nugget Clock Timing
AC TIMING CHARACTERISTICS - RESET TIMING
‘Notes Min Max i Units

:RESET Pulse Width
Memory Clock period

J U U RPPUOU S RRPUPRE SSPRORPORSTRP P RRRRPRES SESSSERE VPSS e ST S RSHSEE

pendant on VRAM access time

éMemory Clock Low

Output load C; = 50pF unless otherwise noted. .
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i S 58 seessateia ®

B Electrical Specificati
k n ' r : ectrical Specifications
‘ T-52-33-45
AC TIMING CHARACTERISTICS - ISA BUS TIMING
Symbol  Parameter Notes Min___ Max ___ Units|
T1 EIORD/, IOWR/ Pulse Width | Video registers F*Toqk | - ! nS
. All others ATy - nS

nS

RDY tristate (high-z) from IORD/,JOWR/ inactive ~ Note 2

/O Read Data valid from IORDY/ active

T7  I/O Read Data hold from IORD/ inactive

iIOWR/ active to Data in Valid

'BHE/ hold from IORD/, IOWR/ inactive

T28 ROMPG(2:0] valid from MEMR/ active | - 25 n$
T29 gROMPG[Z 0] hold from MEMR/ mdctlve 0 - nS
T82 MEM CS 16/ Active from LA23:17 Valid 0o 30 &
T83 glvﬂ'zM"Cé”ié)iﬁéicuve from LA23:17 Invalid 0 30 ns

T88 VMEMR/, VMEMW/ inactive from MEMR/, MEMW/ | 0 15 . nS

Note 2: The 82C481 will asynchronously bring RDY active (high-z) if the current command cycle ends while ready is inactive (low).
. Note 3: The 82C481 does not exert RDY low for accesses to the palette at VGA /O addresses (03C6h-03C9h).

Output load C; = 50pF unless otherwise noted.
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. o23228 ®
": Electrical Specifications

1-52-33-45 .

BHE/
T26 < T27
SA15:0, RESH/, AEN X
—» T21
HIGH-Z
I0CS16/ 2
“—T3—pe—— T1 ——————>& T4*l
IORD/, IOWR/ X Vé
PALRD/, PALWR/
Ti8
RDLO/, RDHY/
<« T2
RDY HIGH-Z HIGH-Z

Data (Write) 7777 %

: «—— Te —>» — T7
Data (Read) —tiSHZ HIGH-Z

Note: LA23:17, SA16, and ALE are not used in I/O access decodes. OWS/is only returned during valid
memory accesses.
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\n'r=® Electrical Specifications

. 1-52-33-45

SA15:0, RESH/, AEN m D
—» T21 r—
‘ HIGH-Z
I0CS16/ 7 T 222z
— T3 > T1 bt—>
IORD/, IOWR/ X 7
T22,T16—» T23

PALRD/, PALWR/

RDLO/

@ oY

SA- ‘ISA Bus Palette I/O Cycle Timing

Note: L.A23:17, SA16, and ALE are not used in I/O access decodes. OWS/ is only returned during valid
MEemory accesses.
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Electrical Specifications

T-52-33-45 .

BHE/ X
e T26 ﬂ le-T27
SA15:0, RFSH/, AEN m X

—p ’1‘20'4.'
10CS16/  pomms v

L2
T25
< T4»
IORD/, IOWR/ {
PALRD/, PALWR/
T18

RDLO/, RDHV/

—T2

HIGH-Z .

«— T9

Data (Write)

— T6 —-—_{f — T7
Data (Read) —oH-Z ( HIGH-Z

A-UISA Bus 16-Bit /O Cycle Timing

Note: LA23:17, SA16, and ALE are not used in I/O access decodes. OWS/is only returned during valid
Memory accesses.
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\n l r: Electrical Specifications

. 1-52-33-45

ROMPG(2:0) DO WL Y77
—» T28
SA19:0, RFSH/, AEN m Valid ROM Address It(

HIGH-Z

MEMCS16/  zzzzzzzzzar

l¢— T3 —»
MEMR/ Vs
T19
ROMCS/
Ti8
. RDLO/
RDY HIGH-Z HIGH-Z
ISA Bus ROM Memory Cycle Timing
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\ l_' l '_ : Electrical Specifications

T-52-33-45 .

BHE/ j(
T26 —» e-T27

LA23:17

SA16:0, RFSH/, AEN X

MEM CS16/

T3

MEMW/, MEMR/

OWS/ HIGH-Z,

RDLO/, RDHY/

VMEMR/, VMEMW/

T12—»

HIGH-Z HIGH-Z

RDY

<«— T8 <— T9
Data (Write)
: «—— T6 —» «— T7
Data (R ea d) HIGH-Z HIGH-Z

UISA Bus 16-Bit Memory Cycle Timing
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Siratieet ®

. T-52-33-45

ROMPGL2:0) m Yo,
—» T28

- T29 —b‘

SA16:0, RFSH/, AEN m Valid ROM Address X
AE /N
LA23:17

MEM CS16/

Nz,
«— T4 —»

SMEMR/

—» TI19 ‘

’ ROMCS/ r

|
—» T18
RDLO/
RDY, OWS/ HIGH-Z HIGH-Z
UISA Bus ROM Memory Cycle Timing
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LR E R B EESEE 42N @ Electrical Specifications

T-52-33-
AC TIMING CHARACTERISTICS - MICRO CHANNEL BUS TIMING 3-45

Symbol : Parameter Max ¢ Units
‘Status hold from CMD/ inactive

i Address hold from CMDY inactive

‘Notes

T43 :Status setup to CMDY/ active
""" T44  Address Valid setup to CMD/ active - nS
T45CMD/ Do gy ———— e g
; T S R

CMDY inactive to next CMDY active

:DS16/ active from Address valid

T66 DS16/inactive from Address invalid -

"'T67 " POSEN/ active from CMD/ active . . — '
""" T68 POSEN/inactive from CMD/inactive . -
""" T69 'RDLOY/, RDHV/ active from CMD/ a -
T70 'RDLO/, RDHVinactive from CMD/ inactive . - a5
T71 'ROMPG[2:0] valid from CMD/ active | -
T72 ROMPG[2:0] hold from CMD/ inactive D 0 '
Output load C; = SOpF unless otherwise noted.
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\ l'l ". 5 ® Electrical Specifications
. T-52-33-45
sor, st T X \
T40
A0-19, M0/ ZX .
T,
BHE/ X
T43 T42
Ta4 :: Tas o T46 .
CMD/ AN Y i o
PALRD/
PALWR/
Data (Read)
‘ Data (Write) 7//////////////&///////@
| | Ts4 N Tss
RDY X}F
—»{ T60 l4—
CSFB/ ) 4 N
—» Té6
DS\ T Yz
—» To7 l4— —» Té8
POSEN/ ‘ﬁ Tss -
—» Té 9(- —» T70 ¢—
RDLO/, RDHI/

M 209811k 0003976 3TO N CHP
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O LT Electri ificati
kn.r: ectrical Specdifications

T-52-33-45 .

ROMPG[2:0}
—» T71 —»{ T72
S0/, S1/ iﬂ \
Tao
ADEo, %( Y N,
MIO/,MADE24 VALID ROM ADDRESS
|, T62 To3
BHE/ (_._
T43
Ta4 Tae
CMD/ a2
Te4
ROMCS/
RDY ‘
CSFB/ ‘
vsi 777000 N
—»T69 —» T70
RDLO/, RDHI/
Micro Channel Bus ROM Memory Cycle Timing
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SERE g g Electrical Soecificati
Chirs rcal Spocifications
. AC CHARACTERISTICS T-52-33-45
VRAM TIMING - SWITCHING CHARACTERISTICS
Symbol ;Parameter Min | Max i Units
Trac Data Access Time from RAS/ - 100 : nS

'RAS/ hold from CAS/ | |
CAS/precharge L 15 o
Fast age CAS/precharge ime 15 =

{CAS/ pulse width
:CAS/ hold from RAS/

I g S SO

Trep  {RAS/to CAS/ delay

Row Address hold time

eColumn Address setup to CAS/

Tean Column Address hold time

. Note: Output load Cp_ = SOpF, unless otherwise noted.
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\. n l r : Electrical Specifications

AC CHARACTERISTICS 1-52-33-45 ‘

VRAM TIMING - TIMING REQUIREMENTS (continued)

Symbol :Parameter

Trap

‘Read command setup time

‘Read command hold time after RAS/ high

. Write command to RAS/ lead time

' Write command to CAS/ lead time

i Data-in setup time

.RAS/high to CAS/ low precharge tim
: DT/ low setup time

DT/ low hold time after RAS/ low

' DT/low hold time after CAS/ low

DT/ high setup time

DT/ high to RAS/ high delay

DT/ high to CAS/ high delay

: Write bit selection setup time

: Write bit selection hold time

' DT/ high hold time after RAS/ high

'FWE hold from RAS/ low
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WHirFs " Electrical Specifications
< TRC >
TrASP »
e TRAL —>¢—— Trp — M
RAS/ \ / \
TCRP-»¢— TRCD—b|+ Thc " TrsH
4—TCAS—» 4—TCAS—»
CAS/ \\ / ) 4
—TCPN — 4+— Tcp-—1+—»
< TCSH —»
‘TASR_ ‘TRAH L ‘TCAHV TASC k> TcAH —’l TASR e—
Address Row W Column Column Row
X ) SRETIR ) R
—+Taa®» .
WE/,WB/
DT/.0F/ ms
"I'; e >
100-1/03 —HIGHZ

TFWS
e B
|

VRAM Fast-page Read Cycle Timing
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Electrical Specifications

T-52-33-45 .

TRC »
< TRASP >
4——— TRAL — P»¢—— TRP —P
RAS/ \ / \;
«— — TpC >t TRSH——¥
TCRP-»4— TRCD—¥|
<«—TCAS— r—TCAs—>

CAS/

TASR m Tasc
Address Row Column

—»t TASR f¢—

Row

TwBS

‘00020000
%6%% %% %%
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k n r : Electrical Specifications
. T-52-33-45
TRwWC >
TRASP —»
4—— TRP —P
RAS/ L ‘, ‘\__
TCRP bt TrRep_pl¢ TPRWC——— >4—— TRsH—|

CAS/

TCPN —————P

Address m

/O0-1/03 =
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WU EBnNLINE® Electrical Specifications

Wi
T-52-33-45 ‘

TRASP »

Tcrp-»<¢— TRCD—>4—TCAS

CAS/ \
—TCPN —»

AR TRAIL —»l TASR [¢—

Address mr Row Row

TwBs
werwey BT

ToHS

VRAM Color Register Set Cycle Timing
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LSS EHNNLINEG

WHiIrdD Electrical Specifications

. T-52-33-45

TRASP >

DT/,0E/
‘ Tws —><M>‘
o003 S Wit por b YRR

t'I‘Fws
FWE_F

Tws

N S AN TN PN PN PN PN PN PN IN PN NI NG
R R R SRR IRRIRAERHERRK

( VRAM Flash Write Cycle Timing
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- Electrical Specifications
CFInra pec

L TRC »
TRAS >
4«—— TRP —»
RAS/ \ / \
4———— TRCD »> TRSH >
T TCSH »
TcCAS —»
CAS/ \ /
+—TCPN ————————pf
¢——TRAD—¥
TASR T
Address Row
WE/,WB/ XXRRRRX
ToOLS
-
ooe TR
1/O0-1/03 .
VH
SOE/

CAAARAAARAAAAAR XA X AAXAARAAAAAAAAAA A,/
FWE 0000 %0 %0 00 T 20 2020 20 20000 20 20 200000 20 20 2020202020 20 20 20 20
VRAM Data Transfer Cycle Timing
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pecifications

Electrical S,

T-52-33-45

TrRC

«—— TRP

o

TS
%

TSRS
RIS

oY

ZS
e

$/
- @,

ZS
o

7S
e

S
%

®.

iming

-z

Yo%

at

»
»
D
D
D
w

P

XX

o%
VYRAM Refresh Cycle T

0;0‘0'

C

}*TCRP“V

CAS/ X

RAS/ \
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wa Be 5o 2 aa msas El . -f .
- ‘m]] r- ectrical Specifications
T_52-33-45 .
AC TIMING CHARACTERISTICS - VIDEO TIMING
Symbol | Parameter ‘Notes i Mm | Max | Units
TVSH VSYNC delay from NCLK - 25 © nS

TS eut U ST PSP P URURIUUUPPPPRFNSRFR SEPPRSPPESTSSOREESERS T it se bt b

Tysy | VSYNC delay from VVSYNC

25

Tysy HSYNC delay from VHSYNC T s

Output load C; = S0pF unless otherwise noted.

VHSYNC

HSYNC

NCLK

VSYNC

VVSYNC

82C481 Video Timing
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JSFREEEE SEIENL.NR @ i ]
k ﬂ l l- : Video Register Parameters

‘ T-52-33-45

Video Register Parameters

Standard 8514/a Compatible Video Modes

Register j70) 640x480 640x480 1024x768 1024x768 |
Name Address (Non-Interlaced) Pseudo-8 (Interlage;d) {Non-Interlaced)
ADVFUNC_CNTL 4AES 0003 0003 0007 0001
DISP_CNTL 22E8 0023 0021 0033 0023
MEM_CNTL BEES[5] 5006 5002 5006 5006
H_TOTAL 02E8 0063 0063 009D 009D
H_DISP 06E8 004F 004F 007F 007F
H_SYNC_STRT OAES 0052 0052 0081 0081
H_SYNC_WID OEES . 002C 0016 0016
V_TOTAL 12E8 0660 0660
V_DISP 16E8 05FB 05FB
V_SYNC_STRT 1AES8 0600 0600
V_SYNC_WID 1EE8 0008 0008
SCISSORS_T BEES§[1] 1000 1000
SCISSORS_L BEES[2] 2000 2000
SCISSORS_B BEES|[3] 32FF 32FF
. SCISSORS_R BEES[4] 43FF 43FF
EC2 SAES8 X4xx X4xX
8BPP Extended Video Modes
Register 1.0 1280x1024 1600x1200
Name Address (Interlaced) (Non-Interlaced) | (Non-Interlaced)
ADVFUNC_CNTL 4AES 0001 0001 0001
DISP_CNTL 22E8 0033 0023 0023
MEM_CNTL BEES][5] 5006 5006 5006
H_TOTAL 02E8 00C3 00D7 00FF
H_DISP 0O6ES 009F O09F 00C7
H_SYNC_STRT OAES 00A1 00A2 00C9
H_SYNC_WID OEES 001B 0016 0013
V_TOTAL 12E8 0918 0848 0A29
V_DISP 16E8 07FB 07FB 085B
V_SYNC_STRT 1AES 0800 07FB 0961
V_SYNC_WID 1EE8 000C 0023 0024
SCISSORS_T BEES3[1] 1000 1000 1000
SCISSORS_L BEES[2] 2000 2000 2000
SCISSORS_B BEES(3] 33FF 33FF 37FF
SCISSORS_R BEES[4] 427F 427F 47FF
. EC2 SEES x5xx X5xx X7xx
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\ '-' l '- S ® Video Register Parameters
T-52-33-45 ‘
16BPP Extended Video Modes
Register 10 640x480 1024x768 1280x1024
Name Address (Non-Interlaced) | (Non-Interlaced) | (Non-Interlaced)
ADVFUNC_CNTL 4AES - - -
DISP_CNTL 22E8 0021 0023 0021
MEM_CNTL BEES[5] 5002 5006 5002
H_TOTAL 02E8 0063 009D 00D7
H_DISP 06ES8 004F 007F 009F
H_SYNC_STRT OAES8 0052 0081 00A2
H_SYNC_WID OEES 002C 0016 0016
V_TOTAL 12E8 0418 0660 0848
V_DISP 16E8 03BB O5FB O7FB
V_SYNC_STRT 1AE8 03D2 0600 07FB
V_SYNC_WID 1EES8 0023
SCISSORS_T BEES[1] 1000
SCISSORS_L BEES[2] 2000
SCISSORS_B BEES[3] 33FF
SCISSORS_R BEES[4] 427F
EC2 S5AES8 X4xx
32BPP Extended Video Modes
Register 10 640x480 1024x768
‘ Name Address (Non-Interlaced) | (Non-Interlaced) | (Non-Interlaced)
ADVFUNC_CNTL 4AES - - —
DISP_CNTL 22E8 0021 0021 0021
MEM_CNTL BEES[5] 5002 5002 5002
H_TOTAL 02E8 0063 009D
H_DISP 06ES8 004F 007F
H_SYNC_STRT OAES8 0052 0081
H_SYNC_WID OEES8 002C 0016
V_TOTAL 12E8 0418 0660
V_DISP 16E8 038BB 05FB
V_SYNC_STRT 1AE8 03D2 0600
V_SYNC_WID 1EES 0022 0008
SCISSORS_T BEES/[1] 1000 1000 1000
SCISSORS_L BEES[2] 2000 2000 2000
SCISSORS_B BEES[3] 31FF 31DF 32FF
SCISSORS_R BEES[4] 41FF 427F 43FF
EC2 SEES8 x4xx x5xx X7XX .
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CIIIrsD Mechanical Specifications

. T-52-33-45
Mechanical Specifications
DOQUUULRRRaggauuesouauidugougugoapoooonuo N iI"ea‘il"erlgtll
ARAANAARARARRAARARAA R HAHH AR ARA R RRRRAN * See Note 2
SR I ENLNE O B
WD | se
P S o oo DIMENSIONS:
160 Pin =R mm (in)
Plastic Flat Pack =g o o
5= v 2
= | &
Chips P/N & Country of Origin = | 2
Vendor Mask Identifier =
Date Code & Fab Control Code = . Clearance
See Note 2 T L 0.600 (0.024)
Pin 1 3 - Max Height
Seating Plane 4.2 (0.165)

:40.2 (1.102 +0.008)
0:8 10.2 (0.031 10.008)

ABABAABABAABA BABAABABAABABAABABAABAB

L

—

160-Pin Plastic Flat Pack
Suggested PCB Pad Layout

Pad Size = 2.29 mm x 0.36 mm (0.090 in x 0.014 in)

'A’ Spacing = 0.65 mm (0.0256 or 0.026 in) (see note)
'‘B' Spacing = 0.65 mm (0.0256 or 0.025 in) (see note)

Note: If the PCB layout system to be used can handle
fractional mils, use 0.0256 center-to-center
spacing. If not, use a combination of 0.025
and 0.026 inch spacings as indicated (ABABA'
repeated) to approximate the exact spacing as
closely as possible.

e

‘ ABABAABABAABABAABABAABABAABABAABABAABAB
Footprint 33.0 mm (1.300 in)

Revision 0.3 135 Advance Product Information 82C481

G

i

This Material Copyrighted By Its Respective Manufacturer



