82C480
Graphics Accelerator

| chelerates Winglows, AutpCAD, and Presen- B Supports both 256K and 1M VRAMs
tation Manager without special drivers 3
16 2 4 8
B Hardware Graphics Functions: 256K 256K IM 1M
- Eilrtlfll;raw - ggtltygglﬂl 640x480x16-color v / /
. o oL 640x480x256-color v/ v v/
- ColorMixing - Scissoring 1024x768x16-color v/ /
M Single Chip Solution: 160-Pin Plastic Flatpack - 1024x768x256-color v v
M Integrated Micro Channel, Industry Standard =
I External palette DAC support for up to 16
Architecture, and EISA Bus Interfaces - million colors (Autoconfigurable for 6-bit or 8-
B Autoconfigurable for 8-bit or 16-bit System bit RAMDACS)
Interface - W Resolutions supported up to 2540x2048 (either
B Demultiplexed bus interface resulting in lower interlaced or non-interlaced) with video rates up
chip count. Total of 9 chips required for a »  to 300 MHz
lcr?;llf (i::;e 1£(;?;E)8514/A implementation B Software transparent 1024x768 non-interlaced
g - : monitor support :
) %Eggg%iﬂh}crﬁ%‘;g‘ﬁﬁgr W Fully Compatible with [BM® 8514/A at both
1 RAMDAC (BT475 or equivalent _ register and software (‘Adapter Interface' or Al)
4 256Kx4 VRAMs (+4 for 256 colors) clevel
1 82B484 Support Chip . ,. Low Power CMOS process
+1 EPROM (optional) S
EpRoM ! R} lrs'oi«a:
Lo e - N '*' ==
Control 11
() f A23:0 A pipL SCLKn BLANK/ —— ()
o A8:0 |256Kx4][,1p SOEn —- —
: | G I S| s " S
Q - X. 4 '
§¢ Control - (120ns 1L y gu]pspogr‘: 70 }l{)AAI\L/J B ’
S 82C480 |  BLANKJ, Control Chip g
w Single - b
a Chip NCLK g
g Graphics %
8| prs.ores Accelerator] PALRD/, PALWR/, SBITDAC A A 8
& - _ SENSE N
| MS2:0
~ ~ HSYNC, VSYNC -
7418245
Al:0
D7:0 ~
VHSYNC, VVSYNC VP7:.0| | VPCLK, VBLANK/
L VGA Video Pass Through Connector )
82C480 System Block Diagram
Revision 2.1 82C480

M 2098116 0011193 24L N



Revision History

Revision History

Revision Date By Comment
1.3 5/20/90 DR Document updated to reflect Rev.1 silicon (internal use only)
- Register definition added
- VESA register and bitfield naming scheme incorporated
14 6/13/90 ST Change document format to Chips Standard Data Sheet Format
1.5 7/11/90 DR Document updated to reflect Rev. 2 silicon
1.6 8/9/90 ST Fixed grammatical errors _béfofe publishing
1.7 1/28/91 DR Register Bit Summary ' Added 0 at H_TOTAL/8
BG Color - Deleted read sentence. FG Color - Deleted read sentence.
BG Color - Changed Warning
Memory Control -:Added Note for table
Pixe] Control - Reserved changed to MODSPN; added IntraNugget Alignment
Alternate Video Register.- Changed 2:1 and 10:9 to 2:0 and 10:8
Configuration Option - Centered 1 and changed CAS2/ to CAS3/, changed
CAS3/t0: CAS2/, e N
2.0 6/24/91 DR/ST : Added Chip c‘haracterization data and lipdated tiniing section
7/22/91 Grammatical changes S L

Revision 2.1

2 82C480
B 209811kt 0011194 LA2c WA



Table of Contents
Table of Contents
Section Page Section Page
Introduction.....................ccooo 5 Pixel Operations................................... 73
Bus Interface .................ccoooeiiiiill 5 MiXES....oeiiiiiiii e 73
ROM Interface ................ccocovviinniii. 6 Source Operand Selection ..................... 73
VRAM Interface ..................c..oooou... 6 Foreground and Background ................. 73
Extension Registers ............................ 6 Foreground Select Mode ...................... 74
External Color Palette.......................... 6 Color Comparison.............................. 74
Performance.................................... 6 Plane Masks......................c.. 77
Bit-Block Transfer (BITBLT)................. 6 Across Planes vs. Through Planes........... 77
Monitor Support.................ccoooiiiii .. 6 Scratch Register ................................ 78
LineDraw ..............oo.ooiiiiiiniiinin 6 SR
Text and Alphanumeric Support.............. 7 - Drawing Operations............................... 79
Video Subsystem Total Chip Count ......... 7 Li
Package..............ouuiueeeiiiiieeei 7 - S ‘S"\‘,‘“ Drawing ool ;g
82C480 System Diagrams..................... ‘ 7 Rectangle ..................oooooiiiiil, 80
: Copy Rectangle.............................. 81
Pinouts........ccoooeeeii : 9 Fast Rectangle ..o 81
Ty , XRectangle .............ooooveveiii L 81
11;:;: IL):SEI M om0 190 s YRectangle ........c........ooooo 82
: T L 11 Polygon Fill..........cooiviiiiiiii . 82
Pin Descriptions - System Bus Interface..... 11 T ygon d :
Pin Descriptions - Dlsplay Memory ......... . 16 eXtMO CS...... it 82
Pin Descriptions - Clocks...................... 18 it .
Pin Descrigtions - Video Interface............ 19 Appl_;caﬂop»Schematlc Examples................. 83
Pin Descriptions - Test, Power & Ground .. 20 . In@oducton .............ccooeeveees oo 83
. . - ISA Bus:Circuit Example...................... 84
Register and Port Address Summaries. .......... 21 .Micro Channel Bus Circuit Example.......... 85
) . +. VRAM Memory Configuration A. ............ 86
Register Bit Summary ............................ 22 o : VRAM Mem()ry Configuration B, 87
. L * .~ Video Circuit (IMSG176/178) Color Palette 88
Functional Description............................ 59 _ Video Circuit (BT471/478) Color Palette.... 89
System Interface................................ 59 . . .
yMi cro Channel Interface ... .. 59 Electrical Specifications........................... 91
ISAlnterface............ccooovvviiii . 59 Absolute Maximum Conditions............... 91
EISAInterface ............................... 60 Operating Conditions .......................... 91
Quele ... 60 DC Characteristics.............ovoeveeevii .. 91
Interrupts ... 60 AC Characteristics. ............................. 91
Memory Interface............................... 63 Nugget Clock Timing....................... 92
Memory Architecture........................ 63 Reset Timing................................. 92
Memory Configurations .................... 64 ISABus Timing ..........ccccocoeevvioiii... 92
RAM Cycle Types.................c......... 65 MC Bus Timing ............................. 93
Video Interface................................. 67 VRAMTiming ...........cocoooovvioii. 08
Horizontal Timing............................ 67 Switching Characteristics. ............... 101
Vertical Tlmlng .............................. 67 Tlmlng Requirements .................... 101
Refresh Counter............................. 69 Video Timing ...........cc..coooiiiiin .. 108
Serial Bus ................coocooo 69
Alternate Video Registers................... 70 Video Register Parameters ....................... 109
Initialization/Configuration .................... 71
Reset ... 71 Mechanical Specifications........................ 111
POS Operation.................c............. 71
Configuration Options ...................... 71
Revision 2.1 82C480

B 209811bL 0011195 019 WM



List of Figures and Tables

List of Figures and Tables

Figure Page Table Page
System Diagram................................ L 1 VRAM 256K Resolution Support............... 1
VGA/8514 Pass-Through Interface . ............ 5 Relative Performance ............................. 6
82C480 Pinouts ...............cceeeumeeennn ... 9 Minimum Video Subsystem Chip Count........ 7
Mix Select..........oeounieueeieeeeai 74 82C480PinUsage..........cooevueeveeneinn. 7
Pixel Drawing Engine ............................ 76 -
Bresenham Algorithm Implementation. ... ... ... 80 82C480PinList........o.oooiiuniiineiiiin. 10
ISA Bus Circuit Example ........................ 84 .
Micro Channel Bus Circuit Example............ 85 - 16-bit Byte Steering........................ooo.... 12
VRAM Memory Configuration A ............... 86 Bus Cycle Type .......c.ccoevniineineinannnnnnnn, 13
VRAM Memory Configuration B ............... 87 - Monitor IDTYpe .......coevniiniiiieaninnn, 15
Video Circuit - IMSG176/178 Color Palette... 88 MCLK Frequency vs. VRAM Speed............ 18
Video Circuit - BT471/478 Color Palette. .. ... .. 89 .. Clock Frequency Select .......................... 18
Nugget Clock Timing......................... eee 192 82C480 Registers .............cocuveveneenennn... 21
ISA 8-bit I/O Cycle Timing ................ el 94 Bit Summary ... 22
ISA Bus Palette /O Cycle Timing................ 95 Horizontal Sync Polarities..................... 27
ISA Bus 16-bit I/O Cycle Timing . ........... 96 Vertical'Sync Polarities ........................ 29
ISA Bus ROM Memory Cycle Timing......... 297 IBM 8514/A Standard ROM Address Map.. 33
MC Bus I/O Cycle Timing .:....0coeoonn ..., 99 MC IBM 8514/A vs. 480 ROM Map......... 37
MC Bus ROM Memory Cycle Timing.......... 100 . VGAROMMap.........oooveveeneiinni . 37
VRAM Fast Page Read Cycle Timing .......... 103 . Background Mix Selection .................... 50
VRAM Fast Page Write Cycle Timing.......... 104 .. Foregrouind Mix Selection..................... 51
VRAM Fast Page RMW Cycle Timing.......... 105~ e
VRAM Data Transfer Cycle Timing. ............ 106 « Bus-Signal Connections.......................... 59
VRAM Refresh Cycle Timing ................... 107 - Memory Configurations & Resolutions ........ 64
82C480 Video Timing............................ 108 ~. Sync Polarities vs. Resolution................... 67
" ScanModulus ... 68
82C480 Mechanical Specifications............... 111 Alternate Register Selects ........................ 70
Alternate Register Enable......................... 70
VRAM Interleave.................coccevineiin.... 72
ROM Base Address.............ccccoeeeevnnn.... 72
Mix Selection ............ccocoeveniiniiii, 73
Color Compare Operation......................... 77
Fill Boundary Mask............................... 77
Absolute Maximum Conditions................... 91
Normal Operating Conditions ................... 91
DC Characteristics .................c...veeevn..... 19
AC Characteristics - Nugget Clock Timing. ... 92
AC Characteristics - Reset Timing .............. 92
AC Characteristics - ISA Bus Timing........... 93
AC Characteristics - MC Bus Timing........... 98
AC Characteristics - VRAM Timing ............ 101
AC Characteristics - Video Timing............... 108
Video Register Parameters ....................... 109
Revision 2.1 4 82C480

BB 209811k 001119 T55 mm



Introduction

Introduction

The 82C480 is a Graphics Accelerator intended to
increase performance of software applications such
as Windows 3.X, AutoCAD, and Presentation
Manager. The 82C480 provides memory interface
logic, video control logic, and interface logic to the
ISA (PC/AT™) Bus, EISA Bus, and Micro Channel
(MC).

With 512 KBytes of display memory, the 82C480
supports 16 and 256 displayable colors in 640x480
resolution and 16 with 1024x768 resolution. With
IMbyte of display memory, it supports 256 display-
able colors with 1024x768 resolution. An external
RAMDAC supports 256K (6-bit DAC) or 16 million
(8-bit DAC) total colors. ‘

able via software:

The 82C480 supports the following modes select-

subsystem)

* Graphics Accelerator Mode (resolutions up to ~

1024x768 in minimum memory.configurations)

The 82C480 defaults to VGA mode on reset. In the
Advanced Function mode, the 82C480 supports
640x480 or 1024x768 resolutions and enables accel-
erator hardware functions such as BitBlt, line
drawing, polygon fill, patterns, raster operations,
and scissoring (post-clipping).

Software support for the 82C480 is provided via the
Chips and Technologies Adapter Interface (AI) and
drivers for major software applications. All software
which supports the IBM 8514/A will also support a

- compatible 82C480 implementation.
~The 82C480 is supplied in a 160-pin PFP package.

BUS INTERFACE

- The 82C480 allows selection of either ISA (PC/AT)

. T orMC (Micro Channel) Bus Interface by detecting a
* VGA mode (pass through video from VGA: -

strapping option during reset. All control signals for
both interface types are integrated on chip.

The 82C480 supports both 8-bit and 16-bit CPU -
mgerfaces. .

“VGA
Memory
AddressT i Data >
HSynf:,VSync -
- VGA VGA
Controller VGA pixel data;. VGA |R,G,B
Blank ~|RAMDAC— > (secondary)
PCBus \ e M T
Interface
VGA Pass through data
82C480 HSync,VSync
=P Graphics
Accelator | Control Signals, R.G.B
Blank Control > RAMDAC|—=——p  Djsplay
Address iData Logic
(82B484)
Video .
Memory Pixel
Data

-Through Interface
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Introduction

ROM INTERFACE

The 82C480 supports an optional 8-bit ROM for
Power-On-Self-Test (POST) code which may be imple-
mented in AT-bus systems without using additional
external components except the ROM chip. The ROM
address is decoded and the ROMCS/ pin is asserted to
enable ROM data onto the data bus. A 16-bit ROM may
be implemented with two ROM chips and one additional
external PAL.

Video initialization code and support functions may be
included in the POST ROM, incorporated into the
system BIOS, loaded from disk at system initialization
as a TSR, or incorporated directly into drivers.

VRAM INTERFACE

The 82C480 supports 256K (64Kx4) VRAMs. In addi-
tion, the 82C480 also supports 1M (256Kx4) VRAM,
allowing a low cost, low chip-count implementation.

The 82C480 supports a fast memory clock (40MHz)to
L - . The 82C480 uses an internal 32/40 pixel register file

maximize use of VRAM bandwidth. :
The 82C480 supports five memory cycle types
1. Read (page mode) R
2. Write (page mode) ; :
3. Read-Modify-Write (page mode)
4. RAS-only refresh ©.
5. Data Transfer Cycle

EXTENSIONS AND EXTENDED REGISTERS

tion. These advanced features are controlled via bits in
extension registers. e

The 82C480 registers are virtually all readable. This
improves the testability of the chip and simplifies state
saving.

EXTERNAL COLOR PALETTE

The 82C480 supports the programming of an external
color palette DAC (RAMDAC) by decoding the CPU
addresses and generating the read and write signals for
the external palette.

Normally, each RAMDAC analog output provides 6-bit
resolution (64 shades of color on each of the analog R,
G, and B outputs). However, a pin is provided by the
82C4380 for selecting 8-bit-per-color mode for the DAC
(e.g., if using an INMOS IMSG-178 or BT478) which
provides 256 shades of color on each RGB output. If
this capability is not required, the 8BITDAC pin may
instead be used as a general purpose output.

PERFORMANCE

The 82C480 provides up to 2 times the performance
of the IBM 8514/A hardware. Projected perfor-
mance for major graphics operations are listed below
(Mp/s = million pixels per second):

IBM Relative
Function 82C480 8514/APerformance
Clear 200ms  333ms 1.6x
Horizontal
Solid Line 19.0Mp/s 7.3 Mp/s 2.6x
“Rectangle Fill 3.4Mp/s 24Mp/s 1.4x
BitBIt 143 Mp/s 80Mp/s 1.7x

Bit-Block Transfer (BITBLT)

for BitBlts (8 words x 32/40 bits). This allows
reading a block of pixels in page mode, then writing
it using page. mode RMW ‘cycles. The 82C480 has a
32/40-bit internal data. path, and its faster clock rate
results in faster BitBIt performance.

MONITOR SUPPORT
~The 82C480 supports the following analog monitors:

. IBM Monochrome Display 8503 or compatible

e IBM High Resolution Monochrome Display
The 82C480 chip provides advanced modes of opera-: - .

~  IBM Color Display 8512 or compatible

8507 or compatible

* IBM Color Display 8513 or compatible

* Interlaced monitors supporting high resolution
(IBM 8514, 8515, or compatible)

* Multisync and compatible monitors

* Any interlaced or non-interlaced monitor with a
resolution of up to 2560x2048 and supporting
video rates of up to 300 MHz

LINE DRAW

Line draw functions (straight lines only) are handled
in hardware by the 82C480 chip. Arcs, circles, and
other higher-level shapes must be decomposed to a
series of short straight-line segments. The 82C480
uses the Bresenham algorithm for line drawing.

Revision 2.1 6
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Introduction

TEXT AND ALPHANUMERIC SUPPORT

The 82C480 chip does not support a separate text
mode in hardware. Text display is supported via
graphics modes, so text may be any size.

The AI supports 3 standard text modes at 1024x768
resolution:

* Mode 0: 85x38 (12x20 character cell)
* Mode 2: 128x54 (8x14 character cell)
* Mode 3: 146x51 (7x15 character cell)

The AI also supports an 80x34 text mode (mode 1)
at 640x480 resolution (8x14 character cell).

VIDEO SUBSYSTEM TOTAL CHIP COUNT

Using the 82C480, a complete 8-bit video accelerator =~
subsystem can be built with just 8 ICs (9 ICs for a

16-bit system), including display memory, as shown .
in the table below:

Qty Chip Type

82C480 Graphics Accelerator . .
7415245 Transceiver (2 for 16-bit interface)’

BT475-65 RAMDAC

256Kx4 VRAM (120 ns) (+4 for 8 planes)
82B484 Support Chip™ -

8 Total
+1 27256 POST ROM (optional)

ot P | ot | o -

Additional components required would be the
82C403 Video Clock Synthesizer, 15-pin video

connector, and various resistors and capacitors. The o
indicated configuration (4 256K x 4 VRAM's) sup- "~

ports 640x480 non-interlaced (25.175 MHz.) 16-
color and 256-color modes and 1024x768 interlaced
(44.900 MHz.) and non-interlaced (65.000 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).

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 equival-
ent) are also required.

PACKAGE

The 82C480 is available in a 160-pin plastic flat pack
(PFP).

Complete descriptions of all 82C480 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.

82C480 Pin Usage Summary

Bus Interface: 55
Display Memory: 61
Control/Status: 15
Video: 4
Clock: 2
Test: 2
Power: 7
Ground: 14
Total: 160

82C480 SYSTEM DIAGRAMS

- 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)

Revision 2.1
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82C480 Pin List

Pin Name Pin # Pin Name Pin # Pin Name Pin #
AEN 16 GND 41 P2D4 145
AF 93 GND 42 P2D5 144
A0 46 GND 79 P2D6 143
Al 47 GND 80 P2D7 142
A2 48 GND 101 P3D0 137
A3 49 GND 107 P3D1 136
A4 50 GND 121 P3D2 135
A5 51 GND 122 P3D3 134
A6 52 GND . 139 P3D4 133
‘A7 33 GND 141 P3D5 132
A8 52 GND o159 P3D6 131
A9 35 GND | 160 P3D7 130
% mexe s b 2
All 57
Al2 58 I0CS16/ 12 P4D2 126
Al3 59 IORD/ o 18 P4D3 125
Al4d 60 IOWR/ 19 P4D4 124
Al5 61 IRQ . 45 P4D5 123
Al6 63 ISA/ : . 72 P4D6 119
Al7 64 MAO o 108 P4D7 118
Al8 65 . MAI 109- RAS/ 106
Al9 66 MA2 110 - RDHI/ 22
A20 67 i MA3 RS It . RDLO/ 31
A21 68 ' MaA4 .. n2 - RDY 3
A22 69 MAS 113 RESERVED 85
A23 =70 . MAG6 ‘ 114 RESERVED 86
BHE/ 13 MA7 e 15 RESERVED 87
BLANK/ 94 MAS . C116 0 RESERVED 104
MCLK . L62 RESET 15
CASO/ 98 MEMR/ . e 17 RESOUT/ 78
CAS1/ 99 MEMW/ - 71 RFSH/ 14
i wwe 4 R 7
i M
S o n kmd i
ROMPG 76
CSEL2 95 gﬁ% §3
SENSE 73
DTOFE/ 105 PODO 10
DO 39 POD1 9 VCC 1
D1 38 POD2 8 VCC 20
D2 37 POD3 7 VCC 40
D3 36 POD4 6 VCC 81
D4 15 POD5 5 VCC 89
D5 34 POD6 4 VCC 100
D6 33 POD7 3 VCC 120
D7 32 P1DO 158 VCC 140
D8 30 P1D1 157 VHSYNC 92
D9 29 P1D2 156 VSYNC &9
D10 28 P1D3 155 VVSYNC 91
D11 27 P1D4 154 WEO/ 2
Di2 26 PID5 153 WE1/ 150
D13 25 P1D6 152 WE2/ 138
D14 24 ! . WE3/ 129
D13 23 P2D] 148 WE4/ 117
GND 11 P2D2 147 8BITDAC 82
GND 21 P2D3 146
Revision 2.1 10 82C480
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Pinouts
82C480 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description

23 D15 o High  System Upper Data Bus

24 Di4 /0 High

25 D13 /0 High  All byte steering is done internally, so the 82C480 may
26 D12 /0 High be used without data transceivers in motherboard
27 D11 /0 High  applications; 74L.S245 or equivalent transceivers are
28 D10 /0 High recommended for adapter cards to meet the 24 mA drive
29 D9 /0 High requirement.

30 D8 I/0 High

32 D7 /0 High  System Lower Data Bus

33 D6 j7/0) High

34 D5 7/0) High

35 D4 1/0 High

36 D3 /O High

37 D2 I/0 High

38 D1 I/O . High

39 DO I/O - .High .

70  A23 ~In.— High System Address Bus (latched internally for the MC bus
69  A22 - In.~ High - on the falling edge of CMD/)

68 A21 «In . High C

67 A20 In . High In MC designs, connect A23:0 to A23:0. In ISA
66 Al9 In High (PC/AT) Bus designs, ‘connect A19:0 to SA19:0 and
65  AlS In High  A23:20to ground. .

64  Al7 In High R

63 Al6 In High In"MC designs, A14:0 must be latched externally by
61 AlS5 In High ---"/ADL/ or CMD/ for the ROM. In ISA bus designs, the
60 Al4 In High ‘address inputs need not be latched.

59 Al3 In High -~ .=

58 Al2 In High

57 All In High -

56  Al0 In High«

55 A9 In High:.

54 A8 In High -

53 A7 In High

52 A6 In High

51 A5 In High

50 A4 In High

49 A3 In High

48 A2 In High

47 Al In High

46 A0 In High

72 ISA/ [SETUP/] In Low  The primary function of this pin is to indicate whether

the 82C480 should be configured for the MC or ISA
(PC/AT) bus interface. This pin may be tied to ground
or RESOUT/ in ISA Bus configurations. The MC
interface also drives this pin to select the 82C480 during
POS (if latched low on reset, the POS registers at 100-
102h are not accessible and all other registers are
accessible).

Revision 2.1
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82C480 PIN DESCRIPTIONS System Bus Interface
Pin# Pin Name Type Active Description
15 RESET In High  RESET=1 resets the 82C480 and tristates all output pins

except RESOUT/. Also puts internal counters in a
known state for chip test.

78 RESOUT/ Tri-O  Low  RESOUT/is an inverted and delayed RESET. It is used
to enable any external tristate buffers required to drive
programming options on the 82C480 pins; these options
are latched on the falling edge of RESET. RESOUTY/ is
guaranteed to stay low long enough to meet the hold
time requirement from RESET for any programming
option. Some options, such as on the MA8 pin, may be

. driven by RESOUTY/ directly.

13 BHE/ In Low  Byte High Enable. Low indicates that the high order
© byte at the current word address is being accessed.
Along with AOQ, indicates which bytes are transferred

‘over the bus (all byte steering is done internally):

BHE/ A0 Effect

0 “-Both bytes on D15:0 (16-bit slot only)

1 High byte on D15:8 (16-bit slot only)
.0, Low.byte on D7:0 (8- or 16-bit slot)
+.1  Highbyte on D7:0 (8-bit slot only)

— e OO

The 82C480  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.

22 RDHV/ Tri-O Low Djréction control for high and low external data bus
31 RDLO/ Tri-O  Low....transceivers. These outputs are tristate when RESET is
i+ active, so have internal pullups to prevent driving the

bus.

0 = Read data from 82C480
1 = Write data into 82C480

71 MEMW/ [MADE24] In Both In ISA (PC/AT) bus interface, currently unused, but
should be connected to SMEMWY/ for compatibility with
future products. In MC interface, MADE24=1 indicates
only 24 bits of address are being decoded; the 82C480
will not respond to any cycle in MC mode unless this
pin is high. MADE24 may also be used as an active-
high chip select to decode 32-bit addresses.

Revision 2.1 12 82C480
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Pinouts

82C480 PIN DESCRIPTIONS

System Bus Interface

Pin# Pin Name

Type

Active

Description

17 MEMR/ [CMDY/]

In

Low

In MC, indicates a command cycle (valid data on the
bus). It is driven by CMD/ from the MC bus. In ISA
bus, indicates a memory read cycle. This signal is used
to decode ROMCS/ accesses.

19 IOWR/ [SO/]

In

Low

In ISA (PC/AT) bus interface, indicates an I/O Write
cycle. In MC bus interfaces, indicates Status bit 0
Son.

18 IORD/ [S1/]

In

Low

In ISA (PC/AT) bus interface, indicates an /0 Read
cycle. In MC bus interfaces, indicates Status bit 1

S11.

16 AEN MIO/]

In

Both

‘InISA (PC/AT) bus interface, defines valid /O address:

0 = Valid I/O address, 1 = Invalid /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/

is active. The 82C480 will not respond to IORD/ or

“~ IOWR/ while. AEN=1. In MC bus interface, indicates

o ek DD O

memory or I/O cycle: 1=memory cycle, 0 =/O cycle.
MIO/ S1/. S0/ Cycle Type

-0 0 “-reserved-
“1/O Read
I/O Write
-reserved-
-reserved-
Memory Read
Memory Write (not used on 480)
-reserved-

—_O O~ O &

14 RFSH/

In

LoW "

Active low signal indicating Refresh cycle. When this
pin is low, the chip is not accessible. This pin and
MADE24 are effectively active-high chip selects.

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 and is only driven low if the
82C480 cannot respond immediately to I/O requests (or
when the ROM is addressed in MC) to insert the
necessary wait states. 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-
03C9h).

Revision 2.1
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Pinouts

82C480 PIN DESCRIPTIONS

System Bus Interface

Pin# Pin Name

Type

Active

Description

4  MEMI16/ [CSFB/]

Tri-O

Low

InISA (PC/AT) bus configurations, this pin is currently
unused. It is reserved to indicate 16-bit memory cycle
capability. For compatibility with future products, this
pin should be connected to MEMCS16/ in ISA bus
configurations. In MC bus configurations, this pin is
called 'Card Select Feedback'; it indicates any valid
access to the 82C480. It is an unlatched decode of
A23:0, MIO/, and MADE24.

12 IOCS16/ [DS16/]

Tri-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 82C480 to indicate that the chip

~is capable of transferring 16 bits over the bus at the
- requested address. In the MC bus, DS16/ is active for

all 82C480 accesses except those to the RAMDAC,

~ POS, and ROM.

45  1RQ [IRQ/]

Tn-O :

- Bpth.

In the ISA (PC/AT) bus, this pin is tristated when
interrupts are- not enabled, low when interrupts are
enabled but no interrupt-is pending, and high when
interrupts are enabled and an interrupt is pending. In
the MC bus, this pin functions as an active-low open-
collector output. The interrupt request pin is normally
connected to:-IRQ9. TRQY/ may be shared by multiple

~controllers on the MCA bus; in the ISA bus, only one

. controller at a time may have IRQ9 enabled.

“This pin has high drive capability (IOL = -16mA).

" While this is still not enough to meet the MC bus

- specification of 24mA, the board designer may still
‘want to connect IRQ/ directly to the bus, eliminating the

* . need for a 74LS123 driver.

77 ROMCS/ [POSEN/]

/O

Low i

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 82C480-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 AO and POSEN/.

Note: Since ROMCS/ is in input mode during reset, an
internal pullup resistor ensures the ROM is held
in a quiescent state.

Revision 2.1
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Pinouts

82C480 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) 1’0 High  inputs. During reset, these pins are inputs sampled on
75 ROMPGO (MS0) /0 High the falling edge of RESET (these pins have internal 50K

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
RESQUT/. 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 P4D6 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
inputs A14:12 (32K) or A12:10 (8K).

MS2 MS1 MSO0 Monitor Type

Note: The ROMPG2:0 outputs are forced 8 8 (1) g%s(%v(?& ) (31.5/35.5 KHz)
high during SETUP mode, indepen- i ono 220 Z
dent of the ROM Page register ‘ 8 { . (1) fgslei‘v(gidor) (31.5/35.5 KHz)
contents. o 1 -0 - 0 . reserved

Note: ROM_PG_SEL [2:0] register bits are .0 1. 8503 (Mono) (31.5 KHz)
set to 1 on RESET, so that the ROM 1 1 0 851213 (Color)  (31.5KHz)
page defaults to ROM page 7. 1 1 o 1 reserved
Note: In MC systems, address bits A11:0 +~ Note: In MC systems, A1:0 may be

must be latched for the ROM. connected directly tothe RAMDAC.
Addresses may be latched by - IMSG176 ~ or  equivalent
74LS373 or equivalent transparent RAMDAC:s latch their register select
latches on theegllling edge of CMD/: inputs internally on the leading edge
or by 74LS374 or equivalent regis- of PALRD/ or PALWR/ and the MC
ters on the risin(% edge of ADL/. In bus holds addresses valid long
ISA systems, ROM addresses A11:0 enough to meet hold time require-
are held valid during the entire bus ments. If addresses are latched for
cycle and need not be latched. a ROM however, use the latched
address hence minimizing the bus

signal fanout.
Revision 2.1 15 82C480
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Pinouts

82C480 PIN DESCRIPTIONS

Display Memory Interface

Pin# Pin Name Type Active Description
118 P4D7 (8PLANE) I/0 High  VRAM Data Bus. The first digit in the signal name
119 P4D6 (ROM PAGING) I/O High indicates the position of the pixel within the 'nugget'.
123 P4D5 (ROMSIZE) I/O High  The second indicates the bit position (‘plane’) within the
124  P4D4 (ROMBASE1) I/O High  pixel
%%g gigg (ROMB?SEO) 58 g!gll: For horizontal resolutions of 1024 or less, four-pixel
127 P4DI1 (reserve d) 16 H!gh nuggets may be used and the minimum number of
28 PaDO (reserve d) 10 H!gh 256Kx4 VRAM:s required is four (connected to P3:0Dn
(reserved) 8" with P4Dn unconnected). For 1280 horizontal
. resolution, the minimum number of 256Kx4 VRAMs
ig(l) gggg 58 gigﬂ required becomes five (connected to P4:0Dn).
132 P3D5 /O High . The P4Dn pins are also used for hardware configuration
133 P3D4 /O High ~ options. On the falling edge of RESET, the state of the
134 P3D3 /O High - P4Dn pins are latched internally. These 8 bits contain
135 P3D2 /O High~ internal pull-ups which cause the options to default to
136 P3DI1 O .  High thecorrect values for 8514/A compatibility. An external
137  P3DO VVO. = High = LS244 buffer (enabled by RESOUT/) may be used to
) R . drive non-default ('0') configuration values on any
142  P2D7 17008 Hi'gh"f .~ subset of the P4Dn pins. The inputs of the buffer may
143  P2D6 LI/O Hi'gh‘ be strapped to' ground or tied to jumpers for user-
144  P2D5 /O High configurable options. Alternatively, PADn inputs may
145 P2D4 I/O . High be connected to 100€2 pulldown resistors in 32-bit pixel
146 P2D3 /O High data bus:configurations. Software may write over any
147 P2D2 1 10) High configuration: options latched from P4Dn which
148 P2DI1 /0 High eliminates the need for most strapping options.
149 P2DO /o High . pap7 is saved at reset as a read-only bit in Subsystem
. = Status register (42E8) bit-7 (SUBSYS_STAT[7]). Itis
151 PID7 /O High" also‘accessible (read/write) in Extended Configuration
152 P1D6 VO High register 2 (SAE8h) bit-7 (EC2[7]). It is interpreted as
153 P1D5 VO High - ¢ SPLANE ('8 Bit Planes') bit:
154 P1D4 /0 High~ .
155 PID3 /O High 0 =4-Plane/16-color configuration
156 PID2 1120) High 1 = 8-Plane/256-color configuration (default)
157 PI1DI1 58 Higg P4DG6 is saved in EC2[6] as ROM Paging:
1 .
> PIDO Hig 0=ROMPG2:0 are input pins readable at
P Hi SUBSYS_STAT[6:4] (Monitor Sense pins).
T oot v Higﬁ 1=ROMPG20 output ROM_PAGE. SEL[2:0]
5 POD5 1108 High (Monitor Sense bits are latched from ROMPG2:0
6 POD4 /O High on the falling edge of RESET only)
7 POD3 VO High  p4D5 is saved in EC2[5] as ROM Size:
8 POD2 /0 High i
9 POD1 /O High P4D5: 0=32K, 1=8K ROM space in system memory
10 PODO Vo High P4D4:3 are saved in EC2[4:3] at reset. These are
interpreted by hardware as ROMBase:
P4 Bit 4:3 SKMCA  8KISA 32K
00 C8000h C6000h  DO0000Oh
01 D8000h D8000h  D8000h
10 C0000h C0000h  CO000h
11 (default) C6000h C8000h  C8000h
Revision 2.1 16 82C480
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Pinouts

82C480 PIN DESCRIPTIONS

Display Memory Interface

Pin# Pin Name Type Active Description
116 MAS (IMVRAM) I/0 High VRAM Address. On the falling edge of RESET, the
115 MA7 Tri-O  High  state of MA8 s latched into extension register EC2[10].
114  MA6 Tr-O  High If 0, 256Kb VRAMs are being used (same as the
113 MAS Tr-O  High 8514/A); if 1, IMb VRAMs are being used, and the
112 MA4 Tri-O  High  82C480 reinterprets VRTCFG register bits to maintain
111  MA3 Tr-O  High  register compatibility with the 8514/A. MAS (only) has
110 MA2 Tri-O  High  an internal 50K pull-up resistor, so the default is 1. To
109 MAl Tri-O  High select 256K VRAMs, drive MA8 with RESOUTY/.
108 MAO Tri-O  High LG
106 RAS/ Tn-O Low  VRAM Row Address Strobe. An internal pullup keeps
- the VRAMs in a quiescent state during reset. During
normal operation, RAS/ will be observed active (low)
except when a RAS precharge cycle is necessary.
103 CAS3/ (BANKSI1) /O . Low VRAM Column Address Strobes for memory banks
102 CASY (BANKSO0) /O~ ~Low  0-3. CAS3:1/ are unused in single-bank configurations
99 CASl/ Tri-O - Low. (such as the basic' four IM-VRAM minimum
98 CAS0/ Tri-O'  Low - configuration). CAS3:2/ have internal pullups and are
E  sampled at reset and saved in EC2[9:8] as the number of
N VRAM banks installed: 00=1, 01=2, and 11=4 banks.
117 WE4/ (5PN) . - VO Low  VRAM Write Enables for pixels 4:0 of the nugget,
129  WE3/ ol Tri-O  Low  respectively... WE4/ is only used in 5-pixel nugget
138 WE2/ Tri-O  Low . configurations : (it is unused in 4-pixel nugget
150 WEV Tri-O  Low... configurations, such as the basic four 1IM-VRAM
2 WEQ/ Tri-O  Low minimum configuration). WE4/ has an internal pullup
- and :should be connected to RESOUT/ or GND to
configure the 82C480 for 4-pixel nuggets. The state of
« WEA/ at reset (called the 5PN or '5-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.
105 DTOE/ Tri-0O  Low  Data Transfer / Output Enable for all VRAM chips
104 Reserved n/c n/a  This pin is reserved for future use and should be left
unconnected.
Revision 2.1 17 82C480
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L" ' r: Pinouts

82C480 PIN DESCRIPTIONS Clocks
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 Speed
25 MHz 150 ns
32 MHz 120 ns
40 MHz 100 ns (Max MCLK frequency)
88 NCLK In High Double Nugget Clock. Used to generate timing inside
the 82C480 chip.

Note: The NCLK frequency is 1/8 or 1/10 of the selected video clock frequency (depending on whether the memory array is configured
for 4- or 5-pixel nuggets). CLKSEL2:0 are used to select the: video clock from up to eight frequencies (see the CLKSEL selection
table below). The selected video frequency is used to clock the external video shift registers and RAMDAC. 82C480 internal logic is
clocked on the rising edge of NCLK. HSYNC is delayed by one half NCLK cycle and is clocked on the falling edge of NCLK.

95 CSEL2 (INTERLEAVE) = Tri-O ‘ High = - Video Clock Select. If BLANK/=0 (blank active), used

96 CSEL1 (5PN) - Tri-O  'High to select one of up to eight frequencies using external
97 CSELO (PS8) .. Ti-O- "High  clock selection logic (only the first two frequencies are
R required for IBM 8514/A compatibility).
CSEErequency
2.1 0 ... Selected Resolution
0 0.0:.25175MHz  640x480 non-interlaced
0 0.1.. 44900MHz 1024x768 interlaced
01 0 65000MHz 1024x768 non-interlaced
01 1 80.000MHz 1280x1024 interlaced
1.0 0 User-specified User-specified
.. 10 1 User-specified User-specified
1 1 0 User-specified User-specified
1 1 1 User-specified User-specified

Note: The selected frequency is used to clock the external video shift registers and RAMDAC. It is divided by eight or ten (depending

on whether the memory array is configured for 4-pixel or 5-pixel nuggets) for input on NCLK. CLKSEL2:0 are controlled by
EC3[10:8] (CLKSELO is duplicated in ADVFUNC_CNTL[2]).

If BLANK/=1 (blank inactive), these pins output INTERLEAVE, 5PN (5-pixel nugget), and PS8 (Pseudo-8-plane mode) bits. 5PN is
MEM_CNTLI[0]. PS8 mode is selected by setting VRTCFG=00 (MEM_CNTL[3:2]) (normal setting is 01).

93 AF (BANK) Tri-O  High If BLANK/=0, indicates Advanced Function
(ADVFUNC_CNTLI[0]); 1=82C480 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 (SOE3:0/) to activate for a particular scan line in
4-bank configurations: BANK=0 selects SOE1:0/;

BANK=1 selects SOE3:2/. In  two-bank
configurations, BANK=0 selects SOE0/ and BANK=1
selects SOE1/.
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\n ' r=® Pinouts

82C480 PIN DESCRIPTIONS V ideo Interface
Pin# Pin Name Type Active Description
83 PALRD/ Tri-O Low  Connected to the Read input of the Palette DAC

(IMSG176, BT471, or compatible). Asserted when the
82C480 is enabled and an I/O Read occurs from
addresses 2EAh-2EDh. Tristate during reset. Internal
50K pullup.

84 PALWR/ Tri-O  Low  Connected to the Write input of the Palette DAC
(IMSG176, BT471, or compatible). Asserted when the
82C480 is enabled and an I/O Write occurs to addresses
2EAh-2EDh (or 3C6h-3C%h in VGA pass-through
mode). Tristate during reset.

82 8BITDAC /O High . Used to control the '6/8-Bit-Analog-Output' pin of the
. - Palette DAC (0=6-bit, 1=8-bit) if using an IMSG178,
~ BT478, or compatible. This pin is sampled at reset, the
state is loaded into EC2[13], then this pin becomes an
output driven by EC2[13]. If EC2[13] is written by
.. software, the chip attempts to drive the pin to the
+ programmed level; if EC2[13] is read, the value read is
the actual state of the pin, not the register bit. Thus this
pin can be used to control the DAC output resolution
(with default to either 6-bit or 8-bit operation depending
on whether a 10K resistor is connected to the pin as a
pullup or a pulldown). If it is desired to use a fixed size
~RAMDAC; this pin should be connected to ground via a
.5.1Q (max) resistor for 6-bit or to +5V via a 5.1Q
. (max) resistor for 8-bit operation. (Automatic DAC

» Size:Detection: Patent Pending)

90 HSYNC Tri-O  Both  Horizontal and Vertical Sync signals for the monitor and
89 VSYNC Tri-O  Both* Blanking signal for the external palette DAC. Sync
94 BLANK/ Tr-O  Low: " polarities are programmable. Tristated during reset.

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., 82C480 not enabled), these signals are used to
drive the HSYNC and VSYNC outputs instead of the
82C480 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 comparator 'plus’ inputs are connected to a 0.34V comparison voltage (corresponding to
approximately half brightness) and the 'minus’ inputs are connected to analog R, G, and B (maximum analog
output voltage is 0.7V). If the R, G, or B output voltage is below the comparison voltage, the corresponding
comparator output will be inactive (tristated/high); if above the comparison voltage, the comparator output will be
driven low. Therefore, SENSE will be high if R, G, and B are all below half brightness. SENSE will be low if

any one of R, G, or B is higher than half brightness. The SENSE input may be read via software as bit-0 of the
Display Status register at 02E8h.
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\.n ' l": Pinouts

82C480 PIN DESCRIPTIONS Test, Power, and Ground
Pin# Pin Name Type Active Description
87 Reserved n/c n/a This pin is reserved for future use and should be left

unconnected for normal operation.

85 Reserved n/c n/a This pin is reserved for future use and should be left
unconnected for normal operation.

86 Reserved (GND)

&

n/a This pin is reserved for future use and should be
grounded for compatibility with future chip revisions.

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 o
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 P -
141 GND P -
159 GND P -
160 GND P -
Revision 2.1 20 82C480
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Registers
82C480 Registers

Register Read  Write Register
Mnemonic Register Name Access Access Bits Type Page
POS_2 Setup Control 0102 0102 1 POS 21
DISP_STAT Display Status 02E8* N/A 3 8514/A 21
H_TOTAL Horizontal Total 26E8* 02E8* 9  8514/A 22
DAC_MASK DAC Mask 02EA 02EAY 8 RAMDAC 22
DAC_R_INDEX DAC Read Index 02EB  02EBY 8 RAMDAC 23
DAC_W_INDEX DAC Write Index 02EC 02ECf 8 RAMDAC 23
DAC_DATA DAC Data 02ED 02EDt 8 RAMDAC 24
H_DISP Horizontal Displayed O6E8* O06E8* 8 8514/A 24
H_SYNC_STRT Horizontal Sync Start OAE8* O0AE8* 8 8514/A 25
H_SYNC_WID Horizontal Sync Width OEE8* OEE8* 6 8514/A 25
V_TOTAL Vertical Total 12E8*  12E8* 12 8514/A 26
V_DISP Vertical Displayed 16E8* 16E8* 12 8514/A 26
V_SYNC_STRT Vertical Sync Start 1AE8* 1AE8* 12 8514/A 27
V_SYNC_WID Vertical Sync Width 1EE8* 1EE8* 6  8514/A 27
DISP_CNTL Display Control 22E8* 22E8* 7  8514/A 28
SUBSYS_STAT Subsystem Status 42E8* N/A 16  8524/A 29
SUBSYS_CNTL Subsystem Control =~ 2EE8*  42E8* 12 8514/A 30
ROM_PAGE_SEL ROM Page Select. 46E8* 46E8* 3  8514/A 31
ADVFUNC_CNTL  Advanced Function Control . 4AEB* 4AE8* 2  8514/A 32
ECO Extended Configuration Register 0 ~52E8* 52E8* O CHIPS 33
EC1 Extended Configuration Register 1 - 56E8* = 56E8* 0 CHIPS 33
EC2 Extended Configuration Register 2 S5AE8* S5SAE8* 13 CHIPS 34
EC3 Extended Configuration Register 3 - SEE8* S5EE8* 12 CHIPS 36
CUR_Y Current Y Position 82E8*  82E8* 12 8514/A 37
CUR_X Current X Position "86E8* BO6E8* 12 8514/A 38
DESTY_AXSTP Destination Y Position/Axial Step Constant "8AE8* 8AE8* 13 8514/A 38
DESTX DIASTP Destination X PosmonlDlagonal Step Constant- ' S8EE8* 8EE8* 13  8514/A 39
ERR_TERM Error Term - 92E8* 92E8* 16 8514/A 39
MAJ_AXIS_PCNT  Major Axis Pixel Count/Rectangle Wldth 96E8* 96E8* 11 8514/A 40
GP_STAT Graphics Processor Status : 9AES8* N/A 10  8514/A 41
CMD Command ! N/A  9AE8* 16 8514/A 42
SHORT_STROKE  Short Stroke Vector Transfer - O9EE8* O9EE8* 16 8514/A 44
BKGD_COLOR Background Color : A2E8* A2E8* 8  8514/A 45
FRGD_COLOR Foreground Color AGE8* AG6E8* 8  8514/A 45
WRT_MASK Write Mask AAE8* AAER* 8  B8514/A 46
RD_MASK Read Mask AEE8* AFE8* 8  8514/A 46
COLOR_CMP Color Compare B2E8* B2E8* 8  8514/A 47
BKGD_MIX Background Mix B6E8* BO6E8* 8  8514/A 48
FRGD_MIX Foreground Mix BAE8* BAE8* 8  8514/A 49
MULTIFUNC_CNTL Multi-function Control Index (MFC) N/A  BEE8* 4  8514/A 50
MIN_AXIS_PCNT  Minor Axis Pixel Count MEFC[O0] BEE8* BEE8* 11 8514/A 50
SCISSORS_T Top Scissors MEFCI[1] BEE8* BEE8* 12 8514/A 51
SCISSORS_L Left Scissors MECJ2] BEE8* BEE8* 12 8514/A 51
SCISSORS_B Bottom Scissors MEFCI[3] BEE8* BEE8* 12 8514/A 52
SCISSORS_R Right Scissors MFC[4] BEE8* BEE8* 12 8514/A 52
MEM_CNTL Memory Control MEFCI[5] BEE8* BEE8* 5  8514/A 53
PATTERN_L Fixed Pattern Low MFC[8] BEES8* BEE8* S5  8514/A 54
PATTERN_H Fixed Pattern High MFC[9] BEE8* BEE8* 5  8514/A 54
PIX_CNTL Pixel Control MFC[A] BEE8* BEE8* 7  8514/A 55
PIX_TRANS Pixel Data Transfer E2E8* E2E8* 8/16 8514/A 56
* Indicates 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 8514/A RAMDAC.
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Register Bit Summary
Register VO 115 14 13 12 11 " 10 9 ' § - 7 6 S 4 3 2 1 0
DISPSTAT |O02E8] o o[ o J o[ o] ool oJolol ol o | o |TOG|VBK|SENS
HTOTAL |26E8[ 0] 0o | o o] ool oo H_TOTAL + 1
"DACMASK |O2EA[ X | X | X | x| X [ X[ X TX "PALETTE MASK
DACRINDEX [2EB| X | X | X | X | X | X | X | X READ INDEX
DACWINDEX |O2EC] X [ X [ X [ X | X | X | X [ X WRITE INDEX
DACDATA |O2ED| X [ X | X | X | X | X | X | X RAMDAC DATA REGISTER
H_DISP 06E8l o[ ol ol ol ool ol o HORIZONTAL DISPLAYED
HSYNCSTART[OAE8[ 0 | 0 J o [ o] o] o | oo HORIZONTAL SYNC START
"HSYNCWID |OEES[ 0 [ 0| o0 | o] 0] o lol ol oo [POL H SYNC WIDTH
- v.rotaAL | 12E8[ o[ o | o1 o VTB VTADJ
V_DISP 16ES8 | o 0 0 0 VID VDADJ
 V_SYNC_STRT |1AE8[ 0 [ 0 ] 0 [ 0 _ VSB ; VSADJ
VSYNCWID |1IEES[ 0l 0]l o ool oTloT ol o olror "V SYNC WIDTH
DISP_CNTL 22E81 0 0 0 0 0 0|0 0 0 | DISPEN | INL|DBL| MEMCFG | ODD
SUBSYS_STAT | 42ESR CHIP ID CHIP REV 8P MON ID GPI| IO | PF | VBE
| SUBSYS_CNTL |42E8W| GPCTRL | CHPTST |1GPI| O | IPF [IVBH o | 0 1T 0 T o RGPI| RIIO| RPF [RVBF
ROM PAGE SEL[46E8[ 0 J 0 [0 J 0] 0 | 0 [0 [ 01 010 o [VoalvGal Rom PAGE
ADVFUNC_CNTL| 4AE8| 0 0 0 [0 010 0 0 0 0 0 0 0 |CLK] 1 AF
EC2 SAE8| 0 | o [DAC| 0 [5PN| 1M | BANKS | 8BP |RPG|RSIZ|ROMBASE| 1 1 1
EC3 SEE8[ 0 | 0 [ 0 |OVR|. 0 |CLK2CLKIICLKO ALE [ALE| ALS [ALS MFC INDEX
CUR_Y 8E8[ o | o J o o] o - Y-POSITION
CUR_X 8E8| o[ 0] o] o T X-POSITION
DESTY_AXSTP |S8AES| 0 | 0 | 0 [SON Y—DEST[NATION/AXIAL STEP CONSTANT |
DESTX_DIASTP { 8EE8| 0] 0 | 0 |sGN -1 X-DESTINATION / DIAGONAL STEP CONSTANT 1
ERR_TERM 92E8 |R/W| R/'W | R/'W . INITIAL ERROR TERM i
[ MAT_AXIS_PCNT| 96ES[ 0 | 0 | o | 0 1 o | MAJORAXIS PIXEL COUNT/RECTANGLE WIDTH
GP_STAT 9AE8R| 0 | 0 | 0 | 0 | 0 | 0 |BSY|RDY QUEUE STATE !
CMD 9AE8W| COMMAND [BSQ[ 0 | 0 |16B]PCD INCYI MAJ|[INCX]DRW] TYP[LAST AP | WRT
 SHORT_STROKE | 9EES ANGLE DRW| LENGTH ANGLE DRW| LENGTH _
BKGD COLOR [A2E8[ 0 J o[ o [ o] o[ ool o BACKGROUND COLOR
FRGDCOLOR [A6ES8[ 0 | o [0 |l o} ol ol ol o FOREGROUND COLOR
WRTMASK [AAE8| o [ o o | ol olololo WRITE MASK
RDMASK |AEE8[ 0 | o o J ol ol ol ol o READ MASK
COLORCMP [B2ESf o [0 ol ol ol ool o COLOR COMPARE
BKGDMIX |B6E8[ 0 | o | o | o] ol ol ol olo BSS BACKMIX
FRGDMIX |BAES[ o[ o0 ool ololol ol FSS FOREMIX
MULTIFUNC_CNTI| BEES - INDEX X]I XXX X | XX X]X]TxX]TxT]xX
MIN_AXIS PCNT|BEES| 0 [ 0 ] 0] 0| o MINOR AXIS PIXEL COUNT/ RECT HEIGHT
SCISSORS_T |BEE8[ 0 | 0 1 o | 1 TOP SCISSORS
SCISSORS L |[BEER[ o0 | o | 1 [ o LEFT SCISSORS
SCISSORS.B |BEES[ 0 | o [ 0 | 1 BOTTOM SCISSORS
SCISSORS_R |BEE8| o 1 0 0 RIGHT SCISSORS
MEMCNTL [BEES[ o [ 1l o[ 1l ololoToToToT o SWP[ VRTCFG | HORCFG
PATTERNL |BEE8| 1 [ 0| o] ol olololololoTlo MASK LOW
PATTERNH |BEE8| 1 [ o[ o[ 1| o] ololololol o ' MASK HIGH
PIXCNTL |BEE8f 1 [ o f 1t [ ol o] o] o] 0 |MXSEL| COLCMPOP | PMODE [ INA
PIX_TRANS | EZES PIXEL/PLANE DATA ' PIXEL/PLANE DATA

\
82C480
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Registers
SETUP CONTROL REGISTER DISPLAY STATUS REGISTER
(POS_2) (DISP_STAT)
Read at I/0 Address 102h Read only at I/O Address 02E8h
Write at I/O Address 102h Byte or Word Accessible
Byte Accessible only
D7[D6]D5[D4]D3[D2]B1]D0] 15l1ali3[12f11f10l o 8] 7Tel sTaT312[1T0]
SENSE
480 Card Enable VBLANK
I ~ HORTOG
- Reserved
. Reserved

0 480 Card Enable

1 Card enabled *. -

0 Card disabled (all registers and
memory invisible to system except
POS Setup registers).

7-1 Reserved (0)

SENSE s 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.

VBLANK Vertical Blank State
0 = Vertical Blank inactive
1 = Vertical Blank active

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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Registers

HORIZONTAL TOTAL REGISTER
(H_TOTAL)

Read at I/0 Address 26ESh

Write at I/O Address 02ESh

Byte or Word Accessible

EEEEFTERARBERBANN

+ Horizontal Total

F Reserved

8-0 Horizontal Total defines the total horizontal
scan line width including the display, blank,
and sync times. All horizontal timings are
measured in terms of double nuggets (8 or
10 pixels depending upon the state of
MEM_CNTL][0]). By definition, H_TOTAL

is measured from the start of the first:.
displayed pixel on the scan line. Therefore,

the total time per scan line is:
(H_TOTAL+1) double nugget periods.
15-9 Reserved (0)

DAC MASK REGISTER

(DAC_MASK)

Read at I/0 Address 02EAh

Write at I/O Address 02EAh

Write at I/O Address 03C6h (VGA Mode Only)
Byte Accessible only

D7|D6|D5|D4[D3[D2[D1]D0]

- DAC Mask

7-0° 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-

. hately enabling different planes.

- The 8514/A palette registers may be written
at their equivalent VGA /O addresses when
the 8514/A is in VGA pass-through mode.
This allows the 8514/A palette to mirror the
contents of the VGA palette hence
displaying the correct colors when outputing
VGA pass-through video. The 8514/A
never responds to I/O read accesses to the
VGA palette.
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Registers

DAC READ INDEX REGISTER
(DAC_R_INDEX)

Read at I/O Address 02EBh

Write at I/O Address 02EBh

Write at I/O Address 03C7h (VGA Mode Only)
Byte Accessible only

[D7]D6| Ds[D4| D3| D2| D1[Do]

= DAC Read Index

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

RAMDAC Color Palette.

The DAC Read Index is used to pomt to the..

location in the RAM lookup table which will

be read by the current sequence of I/O reads

to the DAC_DATA register. To read the
contents of a location in the RAM palette:

1. Write the RAM address for that
location to theé DAC Read Index
register. The data in the RAMDAC at

that address is read into the "

DAC_DATA register. The DAC Read *.

Index register auto-increments to point -

to the next RAMDAC address location.

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 uses an 18-bit wide color
palette (6 bits each for Red, Green, and
Blue). The 82C480 supports both 6 and 8
bit RAMDAC::s.

DAC WRITE INDEX REGISTER
(DAC_W_INDEX)

Read at I/0 Address 02ECh

Write at I/O Address 02ECh

Write at I/0 Address 03C8h (VGA Mode Only)
Byte Accessible only

D7{D6|D5|D4|D3]D2]D1]D0]

-

- DAC Write Index

7-0 DAC Write Index. This register is in the

RAMDAC Color Palette.

The DAC Write Index is used to point to the
location in the RAM lookup table which will
be loaded following the completion of a

- triple write sequence to the DAC_DATA
vreglster ‘To update a location in the RAM

1 Write the RAM address for that
“location to the DAC Write Index
register.

2. 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 uses an 18-bit wide color
palette (6 bits each for Red, Green, and
Blue). The 82C480 supports both 6 and 8
bit RAMDACSs.

Revision 2.1

25

82C480

I 209811t 0011217 50T HM



Registers

DAC DATA REGISTER

(DAC_DATA)

Read at I/0 Address 02EDh

Write at I/O Address 02EDh

Write at I/0 Address 03C9h (VGA Mode Only)
Byte Accessible only

D7[D6|Ds|D4]|D3]|D2]D1]D0}

- DAC Data (6-bit standard)

| DAC Data (if 8-bit DAC)

7-0 DACData. This register is in the RAMDAC

Color Palette.

To write a new color for a pixel, first write .

its address to DAC_W_INDEX; then write
the red, green, and blue values consecutively
to DAC_DATA. After the blue value is
written, all three color values are simultane-
ously transferred :to the palette, and
DAC_W_INDEX is incremented to point to
the next palette word. This allows writing

the whole palette with only one write to the .

DAC_W_INDEX register.

To read a color value, first write its address
to DAC_R_INDEX; this causes
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 reading of
the whole palette with only one write of the
DAC_R_INDEX register.

The IBM 8514/A uses an 18-bit wide color
palette (6 bits each for Red, Green, and
Blue). The 82C480 supports both 6 and 8
bit RAMDACS.

that -

. 15-8 Reserved (0)

HORIZONTAL DISPLAYED REGISTER
(H_DISP)

Read at I/O Address OGESh (Chips Extension)
Write at I/O Address 06ESh

Byte or Word Accessible
baidididiifidols7Ts][s[al3]211 I(ﬂ
- Horizontal
Displayed
" Reserved

-

7-0 . 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) double nugget periods
after the start of the scan line.
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Registers

HORIZONTAL SYNC START REGISTER
(H_SYNC_STRT)

Read at I/0 Address OAESh (Chips Extension)
Write at I/0 Address 0AESh

Byte or Word Accessible
tdidiiduhdofslz]els[4l3]2T1To]
—— | Horizontal
Sync Start
- Reserved

7-0 Horizontal Sync Start . deﬁnes the tlmmg
delay of the horizontal sync signal from the
start of a scan line. - For HSYNC to occur,
H_SYNC_STRT -must be less than

H_TOTAL. The horizontal sync pulse

begins at:

(H_SYNC_STRT+1) double nugget periods =~

after the beginning of a scan line. -
15-8 Reserved (0)

HORIZONTAL SYNC WIDTH REGISTER
(H_SYNC_WID)

Read at I/0 Address OEESh (Chips Extension)
Write at I/0 Address OEESh

Byte or Word Accessible

(1411311109 8] 7]6[5]4][3]2[1 IOII

—— I H Sync Width

— HSYNCPOL

- Reserved

4-0: Honzontal Sync Width defines the width (in
. “double nugget periods) of the horizontal

" sync.pulse. The horizontal sync pulse is
1ndependent of Horizontal Total in that the

~‘end of a scan line does not terminate the
“ HSYNC signal.

.5 '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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Registers

VERTICAL TOTAL REGISTER
(V_TOTAL)

Read at I/O Address 12E8h (Chips Extension)
Write at I/O Address 12E8h

Byte or Word Accessible

11413121 1hid o[8[ 7] 51431 2[1To

S|

F VTADJ

ll,lrﬂ,

- Reserved .-

20 VTADJ (Vertical Total Adjust)

11-3 VTB  (Vertical Total Base)

The Vertical Total value is calculated from
VTB, VTADJ, and the Scan Modulus. The
internal vertical counter register is incre-

mented at the end of every scan line when in: "

non-interlaced mode. When in interlaced” . -~

mode, the vertical counter increments every
half scan line (ie. when the horizontal
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 * VIB) + VTADJ + 1

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

DBLSCAN MEMCFGScan 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)

VERTICAL DISPLAYED REGISTER
(V_DISP)

Read at I/O Address 16E8h (Chips Extension )
Write at I/0 Address 16ES8h

Byte or Word Accessible
Lsi4131q11hds] 8] 7T6[5[4[3]2[1]0]
|__
- VDADJ]
+ VDB
F Reserved

2-0 VDADJ (Vertical Displayed Adjust)
11-3 VDB (Vertical Displayed Base)

The Vertical Displayed value is calculated
from VDB, VDADYJ, 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

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) + VDADT + 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. (In even
frames, the vertical counter begins counting
at the start of a full scan line and ends on a
half scan line. In the odd frame which
follows, the vertical counter begins on a half
scan line and ends on a full scan line.)
Because Vertical Blank is synchronized to
full H_TOTAL, the Vertical Blank pulse for
even frames is delayed by H_TOTAL<2 and
is shorter by this amount in odd frames.

15-12 Reserved (0)
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Registers

VERTICAL SYNC START REGISTER
(V_SYNC_STRT)

Read at I/O Address 1AE8h (Chips Extension)
Write at I/O Address 1AESh

Byte or Word Accessible
1141312411 9] 8] 76 5[ 4T 3]2]1T0]

- VSADJ

- VSB

L Reserved:

2-0 VSADJ (Vertical Sync Start Adjust)’
11-3 VSB  (Vertical Sync Start Base)

The Vertical Sync 'Stalt'value is calculated
from VSB, VSADJ, and the Scan Modulus.

The internal vertical counter register is incre- - *
mented at the end of every scan line whenin -, -

non-interlaced mode. When in interlaced
mode, the vertical counter increments every
half scan line (i.e. when the horizontal

counter reaches H_TOTAL-=2 and;ﬁj‘i;
H_TOTAL). The Vertical Sync signal is .

not synchronized to the end of a scan line
(full H_TOTAL) as is the Vertical Blank.

VSYNC START = (VSB * Modulus) + VSADJ + 1

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

DBLSCAN MEMCFGScan 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)

VERTICAL SYNC WIDTH REGISTER
(V_SYNC_WID)

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

Byte or Word Accessible
L4111 fiofo] 8] 7 65 T4 3] 2]1]0]
~— | V Sync Width
— VSYNCPOL
I Reserved

4-0 - 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.

' 5  VSYNCPOL (Vertical 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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k" l l": Registers

DISPLAY CONTROL REGISTER 6-5 DISPEN (Display Enable)
(DISP_CNTL) 6 5 Function
Read at I/0 Address 22E8h (Chips Extension)
Write at 1/0 Address 22E8h 0 0 No effect
Byte or Word Accessible 0 1 Enable Hsync, Vsync, Blank, data
transfer cycles, and refresh cycles
1141314111 o[ 8] 7]6 [s[4]3[2]1]0] 1 x Disable Hsync, Vsync, Blank, data
TT ODDBNKENAB transfer cycles, and refresh cycles
L | MEMCFG Bits 6:5 control an R-S latch. The output of
~ DBLSCAN this latch is read back in bit 5; bit 6=0.
— INTERLACE 15-7 Reserved (0)
- [ DISPEN
 Reserved

0 ODDBNKENAB (Odd Bank Enable). This
bit is not used internally by the 480, -

0 No Change. . .
1 Horizontally Interleave banks
(normal 8514/A mode).

2-1 MEMCFG (Memory Configuration)
Function

NCLK (PS8 Mode) - [NOTE: INTERLACE, DBLSCAN, and MEMCFG

NCLK + 2 (Normal 8514/A Mode):;g.;i - N vitsare duplicated in each of the alternate video
NCLK =3 i register sets.

NCLK+4

——OOoOIN
—_—O = O -

3  DBLSCAN (Double Scan).

0 Single scan
1 Double scanning enabled

4 INTERLACE

0
1

Non-interlace
Interlace
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\,l‘lll" : Registers
SUBSYSTEM STATUS REGISTER Monitor ID IBM Monitor Type
(SUBSYS_STAT) 0 0 O Reserved
gead at ‘{60 Qi"“’“ .‘;}3’*38’1 0 0 1 8507 (1024x768) Monochrome
yie or Wora Accessible 0 1 0 8514(1024x768) Color
0 1 1 Reserved
1 0 0 Reserved
IiiiZifidof s 7]6]5]4[3]2]1]o] 1 0 1 8503 (640x480) Monochrome
VBLNKFLG 1 1 0 8512/8513 (640x480) Color
—— PICKFLAG 1 1 1 Reserved
T onALIo 7  8PLANE - 8 bit planes
- Latched on reset from P4D7, SPLANE
I emulates the function of the jumper on the
— [ MONITORD IBM 8514/A board.
— SPLANE 0 = 4planes
1 . 1 = 8planes
' 11-8 CHIP_REV - Revision number of the
[ CHIP_REV silicon. This number, in combination with
- the CHIP_ID will allow programmers to
determine which advanced capabilities are
| CcHP D . available on this 8514/A.
| O 15-12 CHIP_ID - This field contains the CHIPS

3-0 Interrupt requests. These bits show the state
of internal interrupt requests; these will‘only
activate the IRQ pin if the corresponding
Interrupt Enable bit in the SUBSYS_CNTL
register is set. Interrupts may only be reset

by writing a 1 to the corresponding Interrupt -+ -

Clear bit in the SUBSYS_CNTL register. .

The interrupt conditions supported are:

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
is idle.

6-~4 MONITORID - This field contains the
monitor ID bits from pins MS2:0. These
bits are driven by some monitors to indicate
monitor type. The following monitor IDs
are returned by IBM and compatible
monitors:

ID for this 8514/A implementation.

-0 = Chips and Technologies 82C480
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Registers

SUBSYSTEM CONTROL REGISTER
(SUBSYS_CNTL)

Read at I/0O Address 2EE8h (Chips Extension)
Write at I/0 Address 42E8h

Byte or Word Accessible

1

i1 q1iid ol 8 716 [sT4]3T2]1]o]

RVBLNKFLG
— RPICKFLAG
— RINVALIDIO
RGPIDLE

Reserved

IBLNKFLG
IPICKFLAG
INVALIDIO
IGPIDLE

CHPTEST. -

3-0

74
11-8

GPCTRL

Interrupt Reset. These bits are used to reset
active interrupt flags. . They may be reset
individually or in combination.

0 = Don't resetflag
1 = Resetflag

The reset bits are as follows:

0 RVBLNKFLG Reset Vertical Blank =

Flag
RPICKFLAG Reset PICK Flag

13-12

15-14

1 ER
2 RINVALIDIO Reset Queue overflow /..~

Data underflow flag

3 RGPIDLE Reset Graphics Engine Idle

flag
Note: Bits 3:0 always read back = 0.
Reserved (0)

Interrupt Enables. These bits are used to
permit a particular interrupt condition to
generate an external IRQ.
0 = Disable interrupts for this condition
1 = Enable interrupts for this condition

8 IBLNKFLG Enable Vertical Blank
interrupt

9 IPICKFLAG Enable PICK interrupt

10 IINVALIDIO Enable Queue Overflow /

Data Underflow interrupt

IGPIDLE Enable Graphics Engine Idle

interrupt

11

CHPTEST Chip test bits used by IBM for
testing their two chip set. Program to 01 to
enable normal function.

On read back, bit 13 = 1 if 13:12 were
programmed to 1x; otherwise = 0. On reset,
initialized to O (Normal Operation). Bit 12
always reads back as 0.

GPCTRL Graphics Processor Control
15 14 Effect on 82C480

0 0 Noeffect

0 1 Enable Chip

1 0 Reset Chip. Stop all VRAM
cycles, flush queue, clear
GPBUSY and Queue Status flags.
Don't reset counters or tristate pins.

1 1 Reset Chip. Stop all VRAM
cycles, flush queue, clear

GPBUSY and Queue Status flags.
Don't reset counters or tristate pins.
(Same as 1 0).

Bits 15:14 control an R-S type
latch. The status of this software
reset latch is read back in bit 15; bit
14 =0.

~On reset bit D15 = 0 (enabled).
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Registers

ROM PAGE SELECT REGISTER
(ROM_PAGE_SEL)

Read at 1/0 Address 46E8h (Chips Extension)
Write at I/O Address 46E8h

Byte or Word Accessible

L1 d111l1d 9] 8] 7]6]5[4]3[2]1]

All of the standard IBM 8514/A address
ranges except CAOO00h—-CA7FFh conflict
with most extended VGA BIOS. To prevent
a conflict from occurring, we suggest the
ROM (if installed) be relocated to another
address range using the ROM relocation bits
| in Extended Configuration Register EC3.
EC3 also contains bits to disable ROM

(=]

- ROMPAGE

Ir=

VGA ENABLE
— VGA SETUP

paging and to select the size of the ROM
address space.

VGA ENABLE This bit is not physically
present on the 82C480, but is standard on

ISA VGA cards. It is included here for
completeness.

0 Disable VGA
1 Enable VGA

- Reserved i 4 VGA SETUP This bit is not physically

: present on an 8514/A card but is standard on
ISA VGA cards. It is included here for
completeness.

- Hle 0_.= Normal operation
T .1 = Setup mode
2-0 ROMPAGE. ROMPAGE allows mapping 15-5 Reserved (0)
one of 8 different 4K pages of on-board Lk
ROM to the same 4K ‘memory in address
space. o

ISA Bus Address MC Bus Address ROMPAGE - 32K x 8 ROM

(20-bit) (24-bit) 210 Address Comments
C6800-C6FFF  0C6800—0C6FFF X XX 7800-7FFF Fixed ROM
C7000-C7FFF 0C7000-0C7FFF 000 0000-0FFF 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 0C7000-0C7FFF 101 5000-SFFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 110 6000—6FFF Paged ROM
C7000-C7FFF 0C7000-0C7FFF 111 7000-7FFF Paged ROM
CAO00-CA7FF  0CAO00-OCA7FF X X X 7000-77FF Fixed ROM

IBM 8514/A Standard ROM Address Mapping
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..\ " ' r= Registers

ADVANCED FUNCTION CONTROL REGISTER
(ADVFUNC_CNTL)
Read at I/O Address 4AES8h (Chips Extension)

Write at /O Address 4AESh
Byte or Word Accessible
hdiidiagol gl 7lelsl4f3]2]1]o]
DISABPASSTHRU
— RSVDO
CLKSEL
- RSVD1
- Reserved

0 DISABPASSTHRU This bit controls the
VGA pass-through feature of the 8514/A.

0 = VGA video.is passed through the
8514/A RAMDAC to the display.

1 = Advanced Function. 8514/A video
is passed through the RAMDAC to ..
the display. .

1 RSDVO0 Reserved bit0=1 _

2 CLKSEL (Clock Select) The IBM 8514/A .

supports only two clock frequencies; =
0=25.175MHz (640x480), and =
1=44.900MHz (1024x768 interlaced). The
480 supports 8 clock frequencies through its
extended clock select bits in register EC3.
This bit also controls the selection of the
alternate video register sets if they are
enabled. Alternate Video Register sets are
an 82C480 extension of the 8514/A
standard. They are used to support display
timing parameters other than the IBM
standard (eg. 1024x768 non-interlaced).

3 RSDVI] Reserved bit1 =0
154 Reserved (0)

WARNING: All write accesses to this
register will reset 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.
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Registers

EXTENDED CONFIGURATION REGISTER 0
(ECO0)

Read at I/0 Address 52E8h (Chips Extension)

Write at I/O Address S2E8h (Chips Extension)

Byte or Word Accessible

1511413112!11I1d9lsl7|6|sl4hlpl1I(I)]

" Reserved

15-0 Reserved for future use by CHIPS. |

EXTENDED CONFIGURATION REGISTER 1
(EC1)

Read at 1/0 Address S6E8h (Chips Extension)

Write at I/0 Address 56E8h (Chips Extension)

Byte or Word Accessible

LidiiAifidos]7Te]5T4]3]2] ﬂjﬂ:

F Reserved

15-0 Reserved for future use by CHIPS.

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 Sfuture.
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Registers

EXTENDED CONFIGURATION REGISTER 2
(EC2)
Read at 1/0 Address 5SAE8h (Chips Extension)
Write at 1/0 Address SAESh (Chips Extension)
Byte or Word Accessible

1414131

Auilid ol gl 716151 4l3]2T1]

=2

[ Reserved

 ROMBASE
ROMSIZE
ROMPAGING
8BP

[ BANKS
M

=

SPN

Reserved -

8BITDAC

] Reserved

20 Reserved = 1. These bits iaré latched:”(’)n

reset from P4D2:0 and as yet have no
defined usage. They each have internal
pull-up resistors so they default to 1.

4-3 ROMBASE ROM Base defines the start of
the 8514/A ROM address space in system
memory (default = 11). These bits are .
latched on reset from P4D4:3. ROM _
address mapping is also dependant on
ROMSIZE (below) and the type of system ..
interface. i

EC2 8K 32K

[4] [3] MC ISA MC ISA

0 0 0C8000 C6000 0D0000 DO000O

0 1 O0DS000 D8000 0D8000 D800

1 0 0C0000 CO0000 0CO000  CO0000

1 1 0C6000 C8000 0C8000 C8000

ROM page 0 always maps to the first 4K of
address space.

Note: The VGA ROM takes up 32K
bytes at C0000-C7FFFh
which conflicts with the space
used by the MC bus 8514/A
(C6000-C7FFFh). Also,
CAQOOh as used by IBM
conflicts with other cards in
typical ISA bus systems. For
this reason, it is recommended

that the ROM space in 480-
based systems be configured
for the default addresses:
C6000-C7FFFh in MC and
C8000-C9FFFh in the ISA
bus. For specific ROM
mapping tables consult the
tables on the following page.

ROMSIZE Indicates the size of the address
space allocated in memory (starting at the
base address indicated by ROMBASE
above).

0 = 32K ROM address space
1 = 8K ROM address space (default)

This bit is latched on reset from P4D5.

If a 32K physical ROM is implemented in an
8K address space, then the ROMPG2:0 pins
should be connected to ROM address inputs
Al4:12. The upper 4K of the ROM space
may then be paged from any one of the eight
4K pages in the ROM. This is done via the
ROM_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

bits.

ROMPAGING This bit is latched on reset
from P4De6.

0 = ROMPG pins are inputs
1 = ROMPG pins are outputs

If ROMPAGING = 1, after latching the
MONITOR_ID data on reset, the ROMPG
pins then become outputs. If ROMSIZE is
also latched low on reset, then ROMPG pins
always output the contents of
ROM_PG_SEL[2:0]. If ROMSIZE = 1,
then ROMPG pins output either address or
ROM_PG_SEL[2:0] as demonstrated in the
paging table on the following page.

If ROMPAGING = 0, then the ROMPG
pins become transparent inputs readable at
SUBSYS_STAT[6:4]. This allows the
detection of a monitor which was connected
after power was switched on.

8BP (8 Bit Planes). This bit is a copy of the
read-only S8PLANE bit in
SUBSYS_STAT[7]. It is latched from
P4D7 on reset. Configuration drivers
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Registers

written  specifically for the 82C480 may
write this bit, eliminating the need for a
jumper.
0
1

4-bit planes
8-bit planes (default)

from WE4/ on reset. It determines whether
the VRAM bank configuration is 4 or §
pixels deep. It is necessary to program
MEM_CNTL[O0] in order to set the 82C480
into 5-pixel nugget mode.

9-8 BANKS Indicates the number of VRAM 12 Reserved (0)
banks connected to the 82C480. 13 8BITDAC 8-Bit DAC Control. Latched
00 = 1 bank from 8BITDAC on reset.
01 = 2 banks — fbs
10 = 3 banks ]z St
11 = 4 banks (default) 15-14 400
These bits are latched from pins CAS3/ and 5-14 Reserved (0)
CAS2/ on reset. et
10 1MB Indicates type of VRAM:s used: Note: The 82C480 mapping table shown below
0 = 64Kx4 : demonstrates the address space mapping for
_ a default 480 MCA configuration. Paging in
l, = 256Kx4 (defauly the C7000-C7FFFh range is chosen by
This bit is latched from MAS on reset. , n=ROM_PAGE_SEL[2:0]. The value of 'n'
11 5PN 5-Pixel Nuggets. This bit is latched T b ks mARMA SIS L
System  IBMMCA __ 480MCA ___ROM
Address - 8514/A ROM 8K ROM Page
. Address Address .=
C6000-C67FF N/A + 0000-07FF. OL
C6800-C6FFF 7800~7FFF OBOMFFF 7H/OH
C7000-C7FFF n000-nFFF *  n00O-nFFF n
CA000-CA7FF 7000-77FF L UNJA 7L
8514/A and 480 ROM Map
(MC Bus)
System IBM ISA Typical ISA ROM
Address VGA ROM VGA ROM Page
Address Address
C0O000-C5FFF 0-5FFF 0000-5FFF 0-5
C6000—-C67FF N/A 6000—67FF 6L
C6800-C6FFF 7800-7FFF 6800-6FFF 7TH/6H
C7000-C7FFF n000-nFFF 7000-7FFF n/7
CAQ00-CA7FF 7000-77FF N/A 7L
VGA ROM Map
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Registers

EXTENDED CONFIGURATION REGISTER 3
(EC3)

Read at I/0 Address SEE8h (Chips Extension)

Write at I/0 Address SEESh (Chips Extension)

Byte or Word Accessible

EEEERNTIBRABERERA 11?|_

Multifunction
— | Control Register
——— | Read Index
AHRS
ALRS
AHRE
ALRE
CLKSELO
CLKSEL1
CLKSEL2
Reserved
OVERRIDE

}mem

3-0 Multifunction Control Register Read Index.

These bits indicate which of the Multi-
function Control [MFC} index registers will
be read by a read access to BEE8h. When a
read is performed at:BEES8h, the index bits
[15:12} are undefined.

4  AHRS Alternate High Register Select. Thisufg , .

bit controls write access to the Alternate
High group of Video Timing Parameter

Registers.
0 = Not selected (default)
1 = Selected

This bit is set to initialize the High-
Resolution video parameters (1024x768).
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 specific
country or monitor type (eg. non-interlaced
vs. interlaced).

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

10-8

11

ALRS Alternate Low Register Select. This bit
controls write access to the Alternate Low
group of Video Timing Parameter Registers.

0 Not selected (default)
1 Selected

This bit is set to initialize the Low-Resolution
video parameters (640x480). This would
generally only be done once following power-
up under the control of the BIOS or device
driver. It may be used to customize the video
timing for a specific country or monitor type
(eg. 72Hz. refresh).

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

AHRE Alternate High Register Enable. This
bit enables the alternate High-resolution video
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
L (default)
1. = Use Alternate High video registers

ALRE Alternate 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

CLKSEL2:0 Clock Select 2-0. There are three
sets of Clock Select bits maintained internally
by the 480. One set 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 read/write accessible in the
ADVFUNC_CNTL register.

Reserved (0)

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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t, " ' l": Registers

12 OVERRIDE (default=1) CURRENT Y POSITION REGISTER
_ . (CURLY)
9= Do not override (ﬁgfﬁfit Read at 1/0 Address 82E8h
= g Write at I/O Address 82E8h
This bit allows an 82C480 custom driver to Byte or Word Accessible
force the 480 to use the normal video
register set. That is, it overrides the 11413141 idof 8[7T6]sTa[3]2 1]0]
Alternate Register Enable bits since it is .
using a video mode other than 640x480 or
1024x768.

This bit is reset on any write to the -
ADVFUNC_CNTL register. This is I .
necessary to avoid improper recovery when — [ Y Position
a non-standard exit from an application ' -
driver occurs. The 480 must always force
an unsuspecting program (not a CHIPS 480
driver) to use the Alternate Video Register
Set if one is enabled.

The implications of this reset is that if a high

resolution device driver which uses + Reserved

OVERRIDE should need to. write .

ADVFUNC_CNTL, then it must: immedi- O -

ately write EC3 to again  .override the L : -
Alternate Register Enable bits.

e ‘L 11-0: YPosition = Y coordinate of current

15-13 Reserved (0) S . position (in pixels). The XY position is

' ~ relative to the top left corner of the display.

~ Each scan line displays X-coordinates 0

~“through XMAX - 1. Each screen displays

- Y-coordinates 0 through YMAX - 1.

15-12" Reserved (0)
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Registers

CURRENT X POSITION REGISTER
(CUR_X)

Read at I/0 Address S86ESh

Write at I/0 Address S6ESh

Byte or Word Accessible

14141

JiA1fidof8]7]6]514]3]2]1]0]

+ X Position

- Reserved: - -

11-0 X Position = X coordindte of - current

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

Warning: In 5PN mode, bits 11, 1 and 0

are remainder bits; 10:2 are the current X
position modulus 5.

15-12 Reserved (0)

DESTINATION Y POSITION REGISTER

AXIAL

STEP CONSTANT REGISTER

(DESTY_AXSTP)

Read at 1/0 Address 8AE8h (Chips Extension)
Write at I/O Address SAESh

Byte or Word Accessible

11413141 adof 8] 7651431 2T1]

<

=

I Y Destination/
Axial Step
Constant

AXSTPSIGN

- Reserved

11-0

~this

Y’-Destination; During BITBLT operations

‘this register is programmed to the destination

Y ‘address (measured in pixels).

Axial Step Constant. During line drawing,
register is programmed as the

.~ Bresenham constant 2*dminor (dminor is

12

15-13

the length of the line projected onto the
minor or dependant axis).

AXSTPSIGN Sign flag for Axial Step

Constant (should be set to 0 during BITBLT
operations).

Reserved (0)
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Registers

DESTINATION X POSITION REGISTER
DIAGONAL STEP CONSTANT REGISTER
(DESTX_DIASTP)

Read at I/O Address SEE8h (Chips Extension)
Write at I/0 Address SEESh

Byte or Word Accessible

11141112!11]1d9|8|7|6|5|4l3|2|1I(IJ_I

X Destination/
Diagonal Step
Constant

DGSTPSIGN

L Reserved

11-0 X-Destination. During BITBLT operations
this register is programmed to the destination
X address (measured in pixels).

11-0 Diagonal Step Constant. During line
drawing, this register is programmed as the:
Bresenham constant 2*dminor — 2*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).

12 DGSTPSIGN Sign flag for Diagonal Step
Constant (should be set to 0 for BITBLT
operations).

15-13 Reserved (0)

ERROR TERM REGISTER
(ERR_TERM)

Read at I/0O Address 92ES8h
Write at I/0 Address 92E8h
Byte or Word Accessible

114131 2111h1d 9] 8[7[6I5[a]3T2T1]o]

“lm

F Initial Error term

- Reserved

12-0-
_programmed to the Bresenham initial error

Initial Error -Term.  This register is

~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

15-13

~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 I/0 Address 96E8h (Chips Extension)
Write at I/0 Address 96E8h

Byte or Word Accessible

dididi2ulid ol 8] 71615[4[3]21

—
(=

|Ir;

" Major Axis Pixel
Count/Rectangle
Width

I Reseryed

10-0 Major Axis Pixel Count holds the constant
term dmajor for Bresenham line drawing
(dmajor is the length of the projection of the
line to be drawn along the independent axis).
This must be a positive number.

10-0 Rectangle Width holds the width of the -

rectangle (in pixels) for BITBLT and
rectangle drawing commands.

15-11 Reserved (0)
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GRAPHICS PROCESSOR STATUS
REGISTER

(GP_STAT)

Read at I/O Address 9AESh

Byte or

Word Accessible

1414131

A1ifidof8[7]6]5T4]3]2]1]o]

—— I Queue State

— DATARDY
— BUSY

- Reserved -

7-0

Queue State indicates the number  of
positions available in ‘the queue.  The
standard 8514/A command queue is eight
bytes deep. Queue State is nicknamed the
thermometer register. It shows the number

of bytes available encoded linearly. Queue "
State = 0 if the queue is empty; this does not:.
imply that the 82C480 is idle-it may have -

consumed all of the data in the command
queue but still may be executing a drawing

command. Always test BUSY to determine.

if the drawing engine is idle.

Queue State
76543210

00000000 = 8 words available-queue empty
00000001 = 7 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 = O words available-queue full

DATARDY indicates availability of variable
data from the PIX_TRANS register.

0 = No new data ready

1 = Data is ready to be read from the
PIX_TRANS register. This will
occur if a drawing command is

executed with WRTDATA=0and
PCDATA=1. Itindicates that the
next pixel has been read from the
display buffer and may be read
from the PIX_TRANS register.

9  GPBUSY (Graphics Processor Busy)

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

15-10 Reserved (0)
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Registers

COMMAND REGISTER

(CMD)

Write at I/O Address 9AESh
Byte or Word Accessible

pa1qi31ifidofsflesT4[3]2]1]o]

WRTDATA
—— PLANAR
LASTPIX
LINETYPE
DRAW
INC_X

INC_Y
PCDATA
16BIT

Reserved

BYTSEQ'

Command

0

WRTDATA = Pixel write operation
0 = Read opération (line, SSV, or
rectangle commands). Commands

YMAJAXISFLINEDIR .

execute normally except that no. i

writes to memory are performed.
This can be used with rectangle
commands to copy rectangular

blocks of the display bitmap into _ e

system memory. :

enabled for drawing command.

PLANAR defines the orientation of the
display bitmap for most drawing operations.

0
1

Some rectangle drawing commands
disregard this bit and force Across plane
mode for increased speed.

LASTPIX = Last Pixel Null
0

1 =

Through plane mode
Across plane mode

Last pixel is drawn
Last pixel is not drawn

For line commands (CMD_LINE, SSV, or
CMD_LINEAF) the current position
(CUR_X, CURL_Y) is moved to the end of
the line but the last pixel is not drawn. This
is used for those mixes (such as XOR)
which would produce the wrong color if the

Write operation. VRAM writes are *

same pixel were drawn twice (e.g. at the end
of one polygon segment and at the start of
the next segment).

For rectangles, this bit has different effects
depending on which rectangle command is
issued and also the state of the INC_X and
INC_Y bits as listed below:

CMD_RECT
INC_X =0 Leftmost column not drawn
INC_X =1 Rightmost column not drawn

CMD_RECTV1
INC_Y =0 Top row not drawn
INC_Y =1 Bottom row not drawn

CMD_RECTV?2
No effect

CMD_BITBLT
INC_X =0 Leftmost column not drawn
INC_X =1 Rightmost column not drawn

LINETYPE (Vector Enable).
0z

Enable Bresenham line drawing
1

[Enable vector line drawing

'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.

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

5 INC_X (X positive) This bit along with 8 PCDATA (Pixel Data Enable)
INC_Y (below) determine which quadrant This bit is used to indicate that data is to be
the slope of a line lies within. They also read/written through the PIX_TRANS
determine the orientation for rectangle draw register during the draw / SSV command.
commands. The upper left corner of the 0 = Pixel data transfer disabled
screen s the origin (x.y = 0,0). 1 = Pixel data transfer enabled. The
0 = Lines are drawn in negative X drawing engine waits for read/write
direction (right to left). of the PIX_TRANS register for
1 = Lines are drawn in positive X each pixel during a draw operation.
direction (left to right). Depending on the foreground and
6 YMAIJAXIS For Bresenham line drawing background source select bits of
commands, this bit determines which axis is not necessarily used in determining
the independent or major axis. Bits INC_X, the actual pixel drawn
and INC_Y define which quadrant the slope - : ’
falls within; this bit further defines the slope - 9  16BIT 16-bit operation.
to within an octant. 0 = PIX_TRANS register is
0 = X s major (independent) axis. accessed as an 8-bit register.
1 = Y is major (independent) axis. 1 = PIX TRANS register is
7 INC_Y (Y positive) This bit along with e rder oo oy PYes
INC_X (above) determine which quadrant BYTSEQ (bglow)
the slope of a line lies within: They also : :
determine the orientation for rectangle draw Note: The IBM 8514/A does not handle 8-
commands. The upper-left corner of the - :bit data transfer cycles properly to the
screen is the origin (x,y = 0,0). “PIX_TRANS register (IN ALDX or OUT
. . . DX,AL). When developing programs which
0 = I&,}nes are drawﬁl in the negative Y must execute on arg) III?)M g8514/A or
{ = L{rectlon (dUIpt e_sc:gen). tive Y | compatible, only 16-bit I/O operations
= Ines are drawn in the positive :should be performed (IN AX,DX or OUT
direction (down the screen). " DX,AX) to this register.
7-5 LINEDIR When a line draw command "t
(CMD_LINE) is issued with LINETYPE = - 11-10 Reserved (0)
1, LINEDIR bits specify the angular di- «+ "~~~ 12 BYTSEQ Byte Sequence affects both reads
rection in which the line is to be drawn™ and writes of SHORT_STROKE and
(counterclockwise relative to the positive x- PIX_TRANS registers when 16BIT = 1.
axis). The length of the line is determined .
: 0 = Take high byte first
by the MAJ_AXIS_PCNT register. 1 = Take low byte first
LINEDIR Angular Direction 15-13 CMD Draw Command
000 000° 111 = llegal
001 045° 110 = CMD_BITBLT (Copy rectangle)
010 090° 101 = CMD_LINEAF (outline)
011 135° 100 = CMD_RECTV2 (Fast filled Y
100 180° direction rectangle)
101 225° 011 = CMD_RECTVI (Fill rectangle in Y
110 270° direction)
111 315° 010 = CMD_RECT (Fill rectangle in X
direction)
001 = CMD_LINE
000 = CMD_NOP (This should be used
when drawing SSVs)
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SHORT STROKE VECTOR TRANSFER REGISTER WARNING:

Registers

(SHORT_STROKE)
Read at I/O Address 9EE8h (Chips Extension)
Write at I/0 Address 9EESh
Byte Accessible (16BIT=0)
Byte or Word Accessible (16BIT=1)

1414131

=2

Auilidol 81 7]6]5[4I3]2]1]

" LENGTH

||r,:

— SSVDRAW

- VECDIR

- LENGTH

— SSVDRAW

- VECDIR

3-0

7-5

15-8

LENGTH = Length of vector projected onto
major axis (this is also the number of pixels

drawn). The current position is always |
moved LENGTH pixels from its starting -

value. A LENGTH of 0 leaves the current
position unchanged.

SSVDRAW
0 = Don't write pixels
1 = Write pixels
VECDIR Vector Direction indicates the angle
(measured counter-clockwise from
horizontal right) at which the line is drawn.
VECDIR Angular Direction
000 000°
001 045°
010 090°
011 135°
100 180°
101 225°
110 270°
111 315°

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 (CMDJ[12]).

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 9EE9h
before the drawing engine will start.
This register functions independent of
the state of the 16BIT bit.

This is identical to the way in which
the IBM 8514/A functions and is
duplicated in the 82C480 for compati-
bility. The IBM Adapter Interface (AI)
appears to always communicate with
the 8514/A SHORT_STROKE register
using 16-bit I/O instructions.

It is always possible to pad a single
SSV instruction with a NUL byte.
The drawing engine recognizes an
SSV  with LENGTH = 0 and

SSVDRAW =0 as a NOP.
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Registers

BACKGROUND COLOR REGISTER

(BKGD_COLOR)

Write at I/0 Address A2E8h

Byte or Word Accessible

FOREGROUND COLOR REGISTER
(FRGD_COLOR)

Write at I/O Address AGESh

Byte or Word Accessible

bdidiAiid ol 8[7161s[al312]1]

© |

lsidididuhidols[716]5]al3]2]a

=2

’lr—m

IIIT-

" Background Color F Foreground Color

" Reserved [ Reserved

7-0 Background Color. This is the color used
for writing pixels where:the Foreground
Color Mix is selected and FSS=00, or the
Background Color Mix is selected and

BSS=00.
8-15 Reserved (0)

Warning:

The BKGD_COLOR register was de-

7-0 Foreground Color. This is the color used
...for writing pixels where the Foreground
Color Mix is selected and FSS=01, or the

Background Color Mix is selected and
. BSS=01.

| 8-15 Reserved (0)

: Warmng The FRGD_COLOR register was

fined as being readable in earlier releases

of the 82C480 data sheet.

BKGD_COLOR register is not directly =~

readable in the 82C480.

During drawing commands,

returns PIX_TRANS register data and
performs as if a read were made to the
This is required

PIX_TRANS register.
for IBM compatibility.

The BKGD_COLOR register is writable at
A2E8h whenever GPBUSY =DATARDY
= 0 or when PCDATA = 0. Otherwise,
during drawing commands with PCDATA
= 1, a write to A2E8h functions as a write

to the PIX_TRANS register.

defined as being readable in earlier
releases of the 82C480 data sheet. The
FRGD_COLOR register is not directly
readable in the 82C480.

During drawing commands, AG6E8h
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
AG6ES8h whenever GPBUSY =DATARDY
= 0 or when PCDATA = 0. Otherwise,
during drawing commands with PCDATA
=1, a write to AGE8h functions as a write
to the PIX_TRANS register.
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WRITE

Registers

MASK REGISTER

(WRT_MASK)

Read at I/O Address AAESh (Chips Extension)
Write at I/O Address AAESh

Byte or Word Accessible

bdidih AifidoTs[ 716 [s[al3]211To

e
—

F Write Mask

I Rescrvéd’ o

7-0

15-8

Note:

Write Mask is used to.prevent data from
being modified in specific planes.

0 = Disable modifying plane
1 = Enable modifying plane
Reserved (0)

WRT_MASK has some special functions
during area fill operations. Refer to the

READ MASK REGISTER
(RD_MASK)
Read at I/0 Address AEESh ( Chips Extension)
Write at I/0 Address AEESh
Byte or Word Accessible

tsidiidihdol 871654l 312110l

B

" Read Mask

" Reserved

7-0

Read ~Mask is primarily used when

performing  bounded fill  operations
(PIX_CNTL[2]=1). RD_MASK affects the

. following commands:

discussion of the PLANEMODE bits with -

respect to area fill described in the Drawing
Operations section of this manual.

Warning:

15-8
Note:

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

RD_MASK is used to allow bit planes 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.

When performing a fill operation with
PLANEMODE = 11, this register must
contain a non-zero value even though it is
not directly used for either the Boundary
Mask or the Plane Mask.

Reserved (0)

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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"k " ' l": Registers

COLOR COMPARE REGISTER
(COLOR_CMP)

Read at 1/0 Address B2E8h (Chips Extension)
Write at 1/0 Address B2ESh

Byte or Word Accessible

tdididiAuilid o] sl7l6]s1 431211 ]o]

F Color Compare

[ Reserved

7-0  Color Compare defines an-8-bit color which
is compared to the destination data during
BitBlts. The arithmetic comparison to be
used (<,>,=true,false, etc..) is specified by -
the COLCMPOP bits of the PIX_CNTL
register (MFC[A][5:3]).

If the result of the comparison is true, the :
destination data is left unchanged. Thisis . =
like the transparency concept used by. ©
Microsoft Windows, but with two =
differences:

1. The comparison is generalized to
include more than just an equality test.

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

15-8 Reserved (0)
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Registers

BACKGROUND MIX REGISTER
(BKGD_MIX)

Read at I/0 Address B6E8h (Chips Extension)
Write at I/O Address B6ESh

Byte or

Word Accessible

14131

Aiidofe]7]els[4]3]2]1]o]

- BACKMIX

lllr:

[ BSS

- Reserved

-

BACKMIX The background mix defines

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.

6-5 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
memory.
Bitmap data is the source data from the
display buffer. The result of doing a line
draw or SSV with this source selected is
undefined. It is primarily used for BitBlt
operations.

15-7 Reserved (0) |

4-0 NOTE: In the table below, the destination (DST)
the mix or raster op to be used in drawing . operand is always the bitmap destination
operations. It is  analogous to the data, but the source (SRC) operand has four
Foreground Color Mix. One of these two - possible sources selected by the BSS bits.
mixes is selected for each pixel in the current . There are only 30 unique mixes (24-25, and
nugget based on the PIX_CNTL register. - ++28-29 are duplicates).

All 16 logical mixes, and five arithmetic

mixes (sum, difference, min, max, and

average) are supported. Options also exist .-. %

for sum, average, and difference mixes to. . -
BACKMIX [Result BACKMIX |Result
0 00 0 Ofnot DST 1 0 0 0 O|min (SRC, DST)
0 0 0 O 1}0 (false) 1 0 0 0 1|DST-SRC with underflow
0001 0}l (true) 1 0 0 1 O|SRC-DST with underflow
0001 1|DST 1 0 0 1 1|SRC+DST with overflow
0 01 0 OfnotSRC 1 01 0 O0|max (SRC, DST)
0 01 0 1|SRCxorDST 1 0 1 0 1{(DST-SRC)/2 with underflow
0 0 1 1 O|not(SRC xor DST) 1 01 1 O{(SRC-DST)/2 with underflow
0011 1|SRC 1 01 1 1|(SRC+DST)/2 with overflow
0 1 0 0 O|not (SRC and DST) 1 1 0 0 O|DST-SRC with saturate
01 0 0 1|(notSRC)orDST 1 1 0 0 1|DST-SRC with saturate
0 1 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
011 0 O[SRC and DST 1 1 1 0 O}(DST-SRC)/2 with saturate
0 1 1 0 1|SRC and (not DST) 1 1T 1 0 1}(DST-SRC)/2 with saturate
0 11 1 O|(not SRC) and DST 1 1 1 1 Of(SRC-DST)/2 with saturate
0 1 1 1 1|not(SRC orDST) 1 1 11 1|(SRC+DST)/2 with saturate
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Registers

FOREGROUND MIX REGISTER
(FRGD_MIX)

Read at I/0 Address BAESh (Chips Extension)
Write at I/O Address BAE8h

Byte or Word Accessible

EEEETTERAREOBRANN,

~ FOREMIX

=

-+ FSS

- Reservgd

4-0

FOREMIX The foreground mix defines the

6-5

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
memory.

Bitmap data is the source data from the
display buffer. The result of doing a line
draw or SSV with this source selected is
undefined. It is primarily used for BitBlt
operations.

15—7 : Reserved 0)

- . ! NOTE: In the table below, the destination (DST)
mix or raster op:to be used in drawing .~ operand is always the bitmap destination
operations. It is. analogous to the data, but the source (SRC) operand has four
Background Color Mix. One of these two .. possible sources selected by the FSS bits.
mixes is selected for each pixel in the current - “There are only 30 unique mixes (24-25, and
nugget based on the PIX_CNTL register. = - 28-29 are duplicates).
All 16 logical mixes, and five arithmetic
mixes (sum, difference, min, max, and
average) are supported. Options also exist
for sum, average, and difference mixes to:
FOREMIX |Result FOREMIX |Result .
0 00 O O[notDST 1 0 0 0 Ofmin (SRC, DST)
0 0 0 0 1]0((false) 1 0 0 0 1|DST-SRC with underflow
000 1 0}l (true) 1 0 0 1 O|SRC-DST with underflow
0001 1|DST 1 0 0 1 1|SRC+DST with overflow
0 01 0 OJnot SRC 1 0 1 0 Ojmax(SRC, DST)
0 01 0 1|SRCxorDST 1 0 1 0 1|(DST-SRC)/2 with underflow
0 0 1 1 O|not(SRC xor DST) 1 0 1 1 O|(SRC-DST)/2 with underflow
0011 1|SRC 1 01 1 1}{(SRC+DST)/2 with overflow
0 1 0 0 O|not (SRC and DST) 1 1 0 0 0|DST-SRC with saturate
010 0 1j(notSRC)orDST 1 1 0 0 1|DST-SRC with saturate
0 1 0 1 O|SRC or (not DST) 1 1 0 1 O|SRC-DST with saturate
0101 1|SRCorDST 1 1 0 1 1|SRC+DST with saturate
011 0 O|SRCandDST 1 11 0 O|(DST-SRC)/2 with saturate
0 1 1 0 1|SRC and (not DST) 1 11 0 1|(DST-SRC)/2 with saturate
011 1 O|(not SRC) and DST 1 1 1 1 O|(SRC-DST)/2 with saturate
01 1 1 1]|not(SRC orDST) 1 1 1 1 1|(SRC+DST)/2 with saturate
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Registers

MULTIFUNCTION CONTROL INDEX REGISTER MINOR AXIS PIXEL COUNT REGISTER
(MULTIFUNC_CNTL)

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

1

Jididiifid ol 8l 716 1s14I3]2]170]

T

P Multifunction
Control
Register Data

119

15-12

INDEX
Multifunction Control Register Data. The

MULTIFUNC_CNTL register is the index
to a set of registers at the same address. The

(MIN_AXIS_PCNT)

(MFC[o0])

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

Byte or Word Accessible

di413iq1igof 8765431 2[1]

[

'Im

= Minor Axis Pixel
Count

: Reserved

+ INDEX

10-0 Minor_iAxis Pixel Count is used to define the

INDEX bits are used to determine which of

the nine currently implemented registers is
being written to. This data field is defined
for each of the indexed registers in the pages
to follow.

The 82C480 also allows these registers 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.

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

Revision 2.1

height for BITBLT and rectangle
- commands. The actual height is:
s “ Minor Axis Pixel Count + 1
‘ ‘_11 Reserved (0)
“.15-12 INDEX = 0000
82C480
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Registers

TOP SCISSORS REGISTER
(SCISSORS_T)

(MFC[1}))

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

Byte or Word Accessible

Ldidisidiid o8 [71s6]s]4l3T2] 10

llr;

- Top Scissors

11-0 Top Scissors is the minimum Y coordinate

value for the scissors.rectangle.
15-12 INDEX = 0001

LEFT SCISSORS REGISTER
(SCISSORS_L)

(MFC[2])

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

Byte or Word Accessible

w4111 o] 8] 71sl5 ]2l 3]2]1 @

- Left Scissors

- INDEX

11-0 Left Scissors is the minimum X coordinate
. value for the scissors rectangle.

15-12' INDEX = 0010
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Registers

BOTTOM SCISSORS REGISTER
(SCISSORS_B)

(MFC[3))

Read at I/0 Address BEE8h (Chips Extension)
Write at 1/0 Address BEESh

Byte or Word Accessible

L1di3idilid o] 8

[7161514]312]1]0

|Ir?

 Bottom Scissors

11-0 Bottom Scissors *.isthe maximum Y

coordinate value for the scissors rectangle.
15-12 INDEX = 0011

RIGHT SCISSORS REGISTER
(SCISSORS_R)

(MFC[4])

Read at I/O Address BEE8h (Chips Extension)
Write at I/0 Address BEESh

Byte or Word Accessible

141413141119 9] 8] 7]6[5[4] 3T 21 o

=

I=

r Right Scissors

+ INDEX

11-0 Right Scissors is the maximum X coordinate
_~value for the scissors rectangle.

* 15-12' INDEX = 0100
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Registers

MEMORY CONTROL REGISTER
(MEM_CNTL)

(MFC{[5])

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

Byte or Word Accessible

11diidiid o8 [ 716l sTal312[1]

(=]

- HORCFG

- VRTCFG
— BUFSWP

I

- Reserved

~} INDEX

1-0

3-2

HORCFG This field cbhtains information
which the 8514/A uses to determine the X-
Coordinate divisor. Bit 0 is used to indicate

5-pixel operation and should only be set if . bl :
EC2[11] =1 (the 5PN bit). Bit 1 determines

if the VRAMs are interleaved in the
horizontal direction.
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.

HORCEFG = 10 always for the IBM 8514/A.
For the 82C480, only the last two values, 10
and 11 are of interest.

VRTCEFG specifies the amount by which to
divide the Y coordinate internally when
addressing different memory configurations.
These bits also determine the bank interleave

The interleave table

factor in the Y (vertical) direction. These
bits are re-interpreted when 1Mbit VRAMs
are used to maintain software compatibility
with the 8514/A (which uses 256Kbit
VRAMEs).  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).
Writing VRTCFG = 00 (if this does not
match the reset value) invokes Pseudo 8-
Plane mode (PS8). Writing VRTCFG # 00
deactivates PS8 mode.

VRAM banks

VRTCFG 256K M
00 2 —
01 4 1
10 - 2
11 - 4

VRTCFG =01 is the 8514/A standard value
(4 banks either 4-planes or 8-planes deep).

VRTCFG = 1x is used for extended
. ‘re‘solutions beyond 1024x768.

BUFSWP' is used to select planes when in

1

Pseudo 8-plane mode:

0 select buffer O (lower 4 planes)

select buffer 1 (upper 4 planes)

* BUFSWP = 0 always when not in Pseudo

8-plane mode.

11-5 Reserved (0)
15-12 INDEX =0101

Revision 2.1

55

82C480

B 2098116 0011247 247 WA



Registers

FIXED PATTERN LOW REGISTER
(PATTERN_L)

(MFC[8])

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

Byte or Word Accessible

FIXED PATTERN HIGH REGISTER
(PATTERN_H)

(MFC[9])

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

Byte or Word Accessible

baidididihid ol I716[5T4T3121110] I15|1413ll2llllld9l8I716ISI4I3I2|1I(I)_I
— | Mask Low — I Mask High
- Reserved F Reserved
= IN'DEX " INDE)(
40 Mask Low is used to select the mix on a - 4-0 Mask High is used to select the mix on a

pixel by pixel basis. If MIXSEL = 01, then

the pattern registers are used to select ...

foreground or background mix. Mask Low
applies to even numbered nuggets (0 is
leftmost on the screen); Mask High is
applied to odd 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 = pixell

2 = pixel 2

1 = pixel 3

0 = pixel 4 (if SPN mode)

pixel by pixel basis. If MIXSEL=01, then

- the pattern registers are used to select
foreground or background mix. Mask High

applies to odd numbered nuggets (0 is
leftmost on the screen); Mask Low is applied
to even numbered nuggets.

0 select BACKMIX
1 select FOREMTX

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

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

2 = pixel 2

1 = pixel 3

0 = pixel 4 (if 5SPN mode)

11-5 Reserved (0)
15-12 INDEX = 1000

11-5 Reserved (0)
15-12 INDEX = 1001
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Registers

PIXEL CONTROL REGISTER
(PIX_CNTL)

(MFC[A])

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

Byte or Word Accessible

1iididulidolsT7]6]sTa]z]2[1

INASPN

- PLANEMODE

ll [ &

- COLCMPOP

| MIXSEL

- Reserved ‘ B ‘.

- INDEX -

0  INASPN (Intra-Nugget Alignment)

Determines the modulus for alignment of

BitBIt data in the internal data buffer.

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

2-1 PLANEMODE

0 0 = Normal Operation

0 1 = Indeterminate

10 = 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.

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

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.

5-3  COLCMPOP (Color Comparison Operation)

These bits determine the comparison
operation performed on each pixel.
COLCMPOP Operation
000 False (always write DST)
001 True (never write DST)
010 DST >= COLOR_CMP
011 DST < COLOR_CMP
100 DST # COLOR_CMP
101 DST = COLOR_CMP
110 DST <= COLOR_CMP
111 DST > COLOR_CMP
7-6° MIXSEL (Mix Select)

0 0 = FOREMIX is always used

01 = PATTERN_L,PATTERN_H select
mix. (1 = FOREMIX, 0 =
BACKMIX)

10 = Variable pixel data (from
PIX_TRANS) selects the mix (1 =
FOREMIX, 0 = BACKMIX).

1 1= SRC selects the mix (used to

implement transparency during a
BITBLT command).

11-8 Reserved (0)

| 15-12 INDEX = 1010
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Registers

PIXEL DATA TRANSFER REGISTER
(PIX_TRANS)

Read at I/0 Address E2E8h

Write at I/0 Address E2E8h

Byte Accessible (16BIT=0)

Byte or Word Accessible (16BIT=1)

1

Sidididulidols[7T6IsTal3]2]1 0]

WARNING:

i

e,

|

15-0 Pixel/Plane Data In-through planes mode

(PLANAR=0), bits 7:0 and 15:8 map onto

bit planes 7:0 of an individual pixel. In . : 5
across planes mode (PLANAR=1), bits 4:0..
and 12:8 map onto pixels 0:4 within a °

nugget (1 bit per pixel).

The PIX_TRANS register can be used to. - |
allow data reads or writes to the display::. -
buffer. It can also be used to apply any

arbitrary pattern during BITBLT or LINE
drawing operations.

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 I/O
transfers are performed. The useful
data transferred however does depend
on 16BIT. That is, if 16BIT=0, then
an 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 E2E%h.

" Pixel/Plane Data

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 E2E9h
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, only the low byte is valid

~ data (the data read from E2E9h should
be discarded).

This is how the IBM 8514/A functions
and is duplicated in the 82C480 for
compatibility. =~ The IBM Adapter
Interface (AI) always appears to
communicate with the 8514/A using
16-bit /O 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 and always set
16BIT=1. If an odd number of pixels
need to be written to PIX_TRANS
then the high byte of the last output is
discarded. Likewise, when inputing
an odd length from the PIX_TRANS
register, the high byte of the final data
transfer may be discarded.

Note: For compatibility, this register may also be

read at A2E8h and AGE8h during drawing
commands.
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Functional Description

82C480 System Interface

The 82C480 can interface as a slave to 2 different
system buses: MC (Micro Channel) and ISA
(Industry Standard Architecture or PC/AT). The
82C480 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.

In either mode, the 82C480 supports I/O reads, /O
writes, memory reads, and interrupts. It does not
support memory writes (the only supported memory
is ROM), burst mode transfers, matched-memory
transfers, 32-bit transfers, or any Bus Master
functions.  All reads or writes are of the
‘Asynchronous-Extended’ variety where an IO
Channel Ready signal from the chip controls the
length of the cycle.

82C480 registers are mapped into areas which skip
around in /O space (see the IO Map, at the

beginning of the register section). However, since -
PC/AT system boards decode only the lower 10. -

address bits as 'official' /O addresses, all internal
registers appear at PC/AT I/O address 2E8h. The
rest of the address bits appear on the ISA bus, and
are necessary for proper register ‘selection, but are
"don't cares” for some motherboard peripherals.
8514/A I/O mapping minimizes the impact on the PC
or AT.

Only the initialization ROM is memory-mapped,
defaulting to the range C8000h-C9FFFh for ISA bus
or C6000h-C7FFFh for MC bus configurations.
The display buffer is not memory mapped. The only

Data_Size 16 (DS16/) for word or odd byte
transfers 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 82C480 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 RDHV/
outputs-to control the direction of these transceivers.

Bus signals are connected as follows:

82C480 Pin MCA Signal ISA Signal
A23:20 A23:20 Ground
Al19:0 Al9:0 SA19:0
BHE/ -SBHE -SBHE
AEN M/-IO AEN
IORD/ -S1 -IOR
IOWR/ -SO -IOW
MEMR/ -CMD -SMEMR
MEMWY/ - MADE 24 -SMEMW
I0CS16/ -CD DS16 -IOCS16
~RDY: CD CHRDY IOCHRDY
RFSH/ . -RFSH -RFSH
o IRQ . -IRQ9 TIRQ9
. - RESET " CHRESET RESETDRV
R ISA/ -CD SETUP Ground
MEMCS16/ -CD SFDBK -MEMCS16

_Micro Channel Interface

way to read or write display memory is through the

use of 82C480 commands. Control and data
registers for such commands are mapped into I/O
space.

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 82C480 responds to all writes to the VGA palette
(3C6h-3C%h); this ensures the palette displays the
VGA colors correctly. It does not respond to reads
of the VGA palette to prevent bus contention.

Operation of the upper 8 data bits on the MC or ISA
bus is controlled by Byte High Enable (BHE/).
When the 82C480 is installed on an 8-bit bus, BHE/
is not driven (it is located on the 16-bit connector
extension); an internal pull-up holds BHE/ inactive in
this case. The 82C480 will not activate

‘Micro Channel mode is selected by default (ISA/ 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
82C480 doesn't decode LA23:17, so SMEMR!/ is
used instead of MEMR/. SMEMR!/ is used only for
the ROM; SMEMW/ isn't used. The 82C480
doesn't generate MEMCS16/, so it does not support
16-bit ROM; this is not a serious limitation, because
those wanting higher performance can copy the
ROM to shadow RAM, which offers higher
performance than 16-bit ROM.
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59

82C480

B 209811k 0011251 778 WE



Functional Description

The following ISA signals are not used: ALE,
LA23:17, CLK, NMV/, DRQn, DACKn, T/C, MAS-
TER/, MEMCS16/, OWS/. Only SA addresses are
used on chip; these do not need to be latched so ALE
is unnecessary.

Extended Industry Standard Architecture
(EISA) Interface

EISA is a superset of the ISA bus. To interface the
82C480 to an EISA bus, use the signal connections
as described for the ISA bus. No EISA extensions
to the ISA architecture are supported.

POS Operations are not supported in ISA/EISA
mode.

Queue

To improve performance, the 82C480 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 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 82C480 command, so a queue is imperative.

Because drawing parameters are queued, changes to
these registers (such as changing the drawing color)
will not take effect until any drawing operations in
progress are finished. This allows parameters to be
set for the next command immediately.

The queue is 8 words by 20 bits (16 data, 4
address). A23:15 and A9:0 are decoded to select the
queue 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 9AESh 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 = 8 words available
(queue empty)

00000001 = 7 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
82C480 graphics processor is idle; it may have
consumed all the data from the queue but still be
executing a drawing command. Always test the
GPBUSY bit to determine if the graphics processor
is idle.

The "read queue” is only one word, 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
- (E2E8h).

Interrupts
The interrupt request (IRQ) pin supports interrupts

" on the MC or ISA bus. IRQ is normally attached to

IRQ9 on either the MC or ISA bus. In MC mode,

- IRQ acts as an active-low open-collector output. In

ISA mode, IRQ is 3-stated when no interrupts are
enabled, it is driven low when interrupts are enabled
but not active, and is driven high when interrupts are
enabled ‘and active (this is like the EGA/VGA).
IRQ9 may be shared with another adapter on the ISA
bus if only: one has its interrupts enabled at a time.

In either case, IRQ has no internal pull-up or pull-
. “down; it relies on the motherboard to pull IRQ to an

inactive state.

‘IRQ has ToL min = ~16 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 82C480 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 82C480 is idle, the
next command and parameters may be
written to the queue at CO000h-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.

Write inside scissor rectangle (PICKFLAG):
The 82C480 has written the display buffer
within the Scissor Rectangle while executing

IRQ2

IRQ1
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a CMD_LINE, CMD_LINEAF,
CMD_RECT, CMD_RECTV1,
CMD_RECTV2, the destination phase of a
CMD_BITBLT command or a SSV. IRQ1 is
used for picking operations.

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

Each internal interrupt goes active whenever the
specified condition is true. The state of the internal
interrupts may be read from the corresponding inter-
rupt field in the Subsystem Status Register.
However, the IRQ pin will only be activated when
the condition becomes active, and only if that
particular internal interrupt was already enabled by

the corresponding interrupt enable bit in the
Subsystem Control Register. To inactivate IRQ,
each 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

82C480 Memory Interface

Memory Architecture

The 82C480 is designed to use 256K or IM VRAMs
only (not DRAMs). Write-Per-Bit and Enhanced
Page Mode features are required. The 82C480 uses
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 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 82C480 uses a packed pixel architecture. Each
pixel is stored in a pair of VRAMs; one holds the
lower nibble, one the upper nibble. 4-bpp (bit-per-
pixel) systems are implemented by simply not
populating the upper nibble VRAM locations.
Because the VRAMs are four bits wide, the smallest

number of bits per pixel for the display buffer is 4.
the Plane Read Mask
(RD_MASK), Plane Write Mask (WRT_MASK),.

However, by using
and Palette Mask (DAC_MASK) registers, you can
effectively divide the 4-bpp display buffer into‘two
2-bpp buffers or four 1-bpp buffers, each with the
same resolution as the original 4-bpp buffer. This
does not reduce VRAM requirements or increase

resolution compared to 4-bpp, but does allow
implementing a double-buffered 2-bpp or quadruple-

buffered 1-bpp system using the same display buffer
as for a 4-bpp system.

The 82C480 has a separate Memory Clock (MCLK)

VRAMs used. Maximum frequencies are 40 MHz
(for 100 ns VRAMSs), 32 MHz (120 ns VRAM:s), or
25 MHz (150 ns VRAMSs). MCLX is asynchronous
to Nugget Clock (NCLK), which controls video
timing.

Nuggets

At this point, some terms must be defined: a nugget
is the fundamental "word" of the 82C480. A nugget
is either four or five pixels, depending on the 5 Pixel
Nugget (SPN) bit. A double nugget is two nuggets
(eight or ten pixels), from the same row and column
address of a horizontally interleaved pair of RAM
banks. Double nuggets are the basic unit of all

position on the screen. Pixels 1, 2, 3, and 4 appear
in left-to-right order on the screen. 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 of the nugget as it
appears on the screen), bits 3, 2, 1, and 0
respectively control pixels 1, 2, 3, and 4.

The two halves of a double nugget are referred to as
A and B, where A appears to the left of B on the
screen. The IBM 8514/A always uses four banks of

" 'RAM, organized as two horizontally-interleaved A/B

.. bank pairs. The banks are called 0A, OB, 1A, and

1B.

-The 82C480 may use one, two, or four RAM banks.
- The 82C480 VRAM banks are named Bank 0, 1, 2,

and 3; if a single bank is used it is Bank O; if two
banks are used they are Banks O and 1. It can still
interleave between banks using just a single pixel
data bus, but it can interleave between any two
banks, not just between members of an A/B pair. If
a single bank is used, of course no interleaving 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

- . areused, Banks O and 1 are interleaved horizontally

on even scan lines, and Banks 2 and 3 are

- interleaved horizontally on odd scan lines. Banks 0

“.and 2 or 1 and 3 are interleaved vertically. Banks 1

which may be adjusted to match the speed of the . and 2 or 0 and 3 may interleave cycles when moving

diagonally during line drawing operations.

Variable size nuggets 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:

(312 * 4)bits/RAM * 8 VRAMs
8 bits/pixel * 2 scan lines/row address

=1024

By adding two more 1Mb VRAMSs (40-bits, or 5

pixels, per nugget), the maximum horizontal
resolution is increased to 1280:

82C480 horizontal video parameters. (512 * 4)bits/RAM * 10 VRAMs = 1280
L . 8 bits/pixel * 2 scan lines/row address

Within a nugget, the pixels are "backwards" order.

Pixel O (the rightmost pixel when the nugget is

viewed as a 40 bit word) appears in the leftmost
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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 82C480 allows a 1024 x 768 system to be
implemented with just four IMb VRAMs (for 16
colors) or eight (for 256 colors). Supporting 1M
VRAMs reduces overall graphics system chip count
and board area requirements. Also, the cost per bit
of 1M VRAMs is predicted to fall below that of
256K VRAMs.

When using 1M VRAMSs, some registers - are
interpreted ~ differently to maintain register
compatibility with the 8514/A. s

Pseudo 8-Plane Mode

When the 8514/A board is configured for minimuﬁi'

memory (512KB) it normally supports four planes at
640 x 480 or 1024 x 768 resolution. Pseudo 8-plane
mode (abbreviated PS8 mode).supports eight planes
at 640 x 480 resolution, even though only four
planes of the display buffer are populated. In this

mode, data is stored as two separate 4-bpp buffers at -~
different addresses, but is displayed together with

Buffer 0 appearing as the low nibble and Buffer 1
appearing as the high nibble. During drawing
operations, the high and low nibble (i.e. Buffer 1

and 0) are written separately, and the color indices

and plane masks are left shifted by four bits when
drawing the upper nibble. This mode is entered 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.

Because a nugget normally contains consecutive
pixels from the same scan line, the 8514/A requires
programming of VRTCFG = 01 (normal) or 00
(pseudo 8-plane mode). The 82C480 interprets the
VRTCFG registers to enable Pseudo 8-Plane mode
for software compatibility, but it doesn't use
VRTCEFG to determine the number of VRAM banks.

The 82C480 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 82C480 supports 20 possible memory
configurations, which may be categorized by the
type of VRAM (256 Kb or 1 Mb), 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, 0r4: the number of banks (1 bank
is only allowed for IMb VRAM)

M: if 1 Mb VRAMs are used
W: if 5 pixel nuggets (wide nuggets)
D: if 8 planes are used (deep memory)

- The following figure summarizes the configurations:

. #of [Nugget Memory] #of [Bitmap
VRAMVRAM Width| # of | Config-|[VRAM size Maximum
Type jBanks|(pixels]Planeq uration | Chips] (KB) | Resolution
4 4 2 8 256 | 512x384x4
2 8 2D 16 { 512 | 512x384x8
5: 4 | 2W 10 { 320 | 640x480x4
256K 8 2WD | 20 | 640 | 640x480x8
S 4 4* 4 16 | 512 | 1024x768x4
41 8* 4D 32 | 1024 1024x768x§4J
5 )4 4w 20 | 640 [1280x1024x
5 8 | 4WD | 40 | 1280]1280x1024x8
ey 4* 1M 4 512 | 1024x768x4
| IR §* | 1MD 8 | 1024 ]1024x768x8
T 5 4 TIMW]| 5 640 [1280x1024x
8§ |IMWD| 10 | 1280|1280x1024x8
| 4 4 2M 8 | 1024 |1280x1024x4]
cleame] 2 8§ | 2MD | 16 | 2048 |1280x1024x8
L 5 4 | 2MW | 10 | 1280 [1280x1024x4]
8 [2MWD]| 20 | 2560 |1280x1024x8
4 4 4M 16 | 2048 [2048x1536x4
4 8 4MD | 32 | 4096 |2048x1536x8
5 4 | 4aMW | 20 | 2560 |2560x2048x4]
& [4AMWD]| 40 | 5120 |2560x2048x8

* 8514/A register-compatible configurations

Note: Maximum resolutions assume a 4:3 aspect ratio (except
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/ (5PN), MAS8
(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
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Functional Description

to 1IMD); another upgrade might be from a 1024 x
768 adapter to a 1280 x 1024 one (e.g. IM to
IMW, or IMD to IMWD).

Memory configurations 4 and 4D are identical to the
8514/A’s base and extended memory configurations,
and are compatible with any 8514/A software,
whether it uses Al- or register-level commands.
Memory configurations IM and 1MD are similar to
4 and 4D, respectively, except that they use 1Mb
VRAMSs instead of 256Kb VRAMs which IBM's
8514/A uses. Modes 1M and 1MD would normally
be preferable to Configurations 4 and 4D, because
IM VRAMSs offer savings in part count, area, and
cost. Normally, using 1M VRAMs would require
changing several register values. Extra logic has
been added to the 82C480 so that Configurations
1M and IMD use all the same register values as
Configurations 4 and 4D, so they are compatible
with all 8514/A software, using either Al or register-
level interface.

Configurations other than 4, 4D, 1M, or lMD are

referred to as Extended Configurations.  Extended

Configurations in general will require an extended Al

or drivers, although some 8514/A drivers will be ~

compatible with some Extended Configurations.

Whenever possible, the 82C480 interleaves VRAM
banks to improve performance. VRAMSs are
designed so that pixels on the same scan line (i.e.
same Y-coordinate) map to the same row address;

bank interleaving is very effective in the X-direction .

because interleaved page-mode cycles can be used

across a whole scan line (unless interrupted for RAM
refresh). Only 1 to 4 scan lines fall in the same row
address, so page mode can only be used for one to
four consecutive pixels in the Y direction. This
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-1 are
interleaved in the X direction on a nugget basis---
four or five pixels in Bank 0, four or five in Bank 1,
four or five in Bank 0, ...

In four bank configurations, banks are interleaved in
both the X and Y direction. Banks interleave 0/1 or
2/3 in the X direction; Banks interleave 0/2 or 1/3 in
the Y direction. Banks interleave 0/3 or 1/2 when
movement is on a diagonal, such as for Short Stroke
Vectors (SSVs).

Configuration 2 and variants are Extended
Configurations allowing very low-cost "entry level"
accelerator systems using 256K VRAMs with up to

640 x 480 resolution, and are user-upgradeable to
full 8514/A compatibility (Configuration 4 and 4D).

Configuration 4 and 4D are register-compatible to
the 8514/A with minimum (512KB) and maximum
(1MB) memory configurations, respectively. These
configurations allow resolutions up to 1024 x 768.
They may be user-upgraded to Configuration 4W or
4WD (1280 x 1024 resolution), but an extended Al
or drivers will be required.

Memory Configurations IM and 1MD are register
compatible to the IBM 8514/A in minimum and
maximum memory configurations, respectively, but
use 4 or 8 IMb VRAM s instead of 16 or 32 256Kb
VRAMs, resulting in board area and cost savings.

_They support resolutions up to 1024 x 768 (Note:

the maximum resolution possible maintaining a 4:3
aspect ratio from a 1024 x 1024 bitmap is 1024 x
768).

Memory Configurations 1MW and 1IMWD are
extended configurations which support resolutions
up to 1280 x 1024. This is also the maximum reso-
lution available in a 2MW or 2MWD memory
configuration. Because a 1280 x 1024 resolution
implemented in 1 bank would consume all of the
video emory for the display, it may be preferred to
use ‘the 2 bank: implementation. This would leave
some off-screen memory which could be used by the

‘Al or extended 8514 driver.

- Memory Configurations 4M and 4MD are extended
- configurations which support resolutions up to 2048
X 1536.

_'Mérnory Configurations 4MW and 4MWD are

“extended configurations which support resolutions

- up to 2560 x 2048. This is the highest resolution

configuration.

RAM Cycle Types

The 82C480 performs the following types of VRAM
cycles:

1. Read (page mode)

2. Write (page mode)

3. Read-modify-write (page mode)
4. RAS-only refresh

5. Data Transfer

Read, write, and RMW cycles may be bank
interleaved. RAS-only refresh and Data Transfer
cycles are performed on all banks simultaneously.

All read, write, or RMW cycles start by writing the
VRAM Write-Per-Bit register, used to implement bit
plane masking. The mask data comes from the Plane
Write Mask register (WRT_MASK). The VRAM
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Write-per-Bit registers are written by holding
WE3.0/ all active at the falling edge of RAS/, while
driving the WRT_MASK data on the pixel data bus.
Note that because the WRT_MASK is eight bits
wide and VRAMs are only four bits wide, some
receive the upper nibble of the WRT_MASK, and
some the lower nibble.

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)

Data Transfer cycles have highest priority. All CAS/

lines go low simultaneously only during a Data
Transfer cycle.

RAM refresh cycles have the next highest priority.

Drawing engine cycles have the lowest priority.
These cycles always start by writing the VRAM
write-per-bit register. Drawing engine operations
will be done in a single page-mode cycle, unless one
of the following happens:

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

a. Y Coordinate changing.
b. Y Coordinate register (CUR_Y) reloaded by
host.
c. Y Coordinate register (CUR_Y) reloaded
- internally.
d. Changing from source to destination phase
- of Copy Rectangle (CMD_BITBLT)
command. This may happen many times for
alarge rectangle. Once each time the internal
scratch register is filled.

2. The WRT_MASK register is written by the 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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82C480 Video Interface

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, and
whether interlacing is enabled. It also controls

certain memory configuration parameters for display.

Horizontal Timing

All horizontal timings and register values are in terms
of double-nuggets (8 or 10 pixels). The Horizontal
Counter indicates the horizontal .-double-nugget
currently being displayed. = 0 corresponds to the
leftmost actively displayed double-nug%:et on the
screen. The Horizontal Total (H_TOTAL) register

indicates the total length of a single scan line, -

including horizontal retrace time.

Between 0 and H_TOTAL, 4 time events are
detected:

1. 1/2H_TOTAL

2. Horizontal Blank Start
3. Horizontal Sync Start
4, Full H_TOTAL

At 172 H_TOTAL (usually about 2/3 across the
active display area), the following occur:

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 double-nugget at which the internal Hori-
zontal Blank (HBLNK) signal begins. HBLNK is
ORed with 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. For standard VRAMs, all
Data Transfers are initiated in this manner.

The Horizontal Sync Start (H_SYNC_STRT)
register specifies the double-nugget at which the
output signal horizontal sync (HSYNC) begins. The
Horizontal Sync Width (H_SYNC_WID) register
specifies the width, in double-nuggets, of the
HSYNC signal. Using this scheme, 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 the 8514 monitor:

" 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 Increments (always)

& -3) Vertical Sync Width Counter Increments

(Gf VSYNC active)
4) Horizontal Blank Ends
5) Vertical Blank and certain other
signals synchronize
6) Horizontal Total Counter Resets to Zero

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, 3 time events are
detected:

1) Vertical Blank Start
2) Vertical Sync Start
3) Full V_TOTAL
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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 Sync Start (V_SYNC_STRT) register
specifies the scan-line at which the output signal
VSYNC begins. The Vertical Sync Width register
(V_SYNC_WID) specifies the width, in scan-lines
(or half-scan-lines for interlace) of the VSYNC
signal. Using this scheme, a VSYNC may be
programmed to start anywhere within a frame (even
at the end), and generate a full pulse width.

At Full V_TOTAL, the frame ends, and a new one is

ready to begin at the top of the screen. The

following events take place:

1) Vertical Blank Ends Synchronous to H_TOT =~

2) Vertical Total Counter Resets to Zero

In the V_TOTAL register, bits 11:3 indicate a

number of scan lines, multiplied by a scan line
modulus defined in the Display Control
(DISP_CNTL) register; bits 2:0'of V_TOTAL are an
adjustment added to the value in bits 11:3 to allow
specifying values that are not an even multiple of the
scan line modulus. Bits 11:3 are named Vertical
Total Base (VTB) and bits 2:0 are named Vertical
Total Adjust (VTADYJ).

MEMCFG DBLSCAN Modulus Notes

00 0 2 Indicates PS8 Mode
00 1 4 Not allowed with 1M
VRAMs
01 0 4 8514/A (Not PS8 Mode)
01 1 8
10 0 6
10 1 12
11 0 8
1

1 1 16

For example, in 640 x 480 resolution, V_TOTAL =
418h; which after splitting into separate fields is
VTB = 83h (131d) and VTADJ = 0. The scan line
modulus = 4. The resulting number of scan lines is
131*4 + 0 + 1 = 525.

For another example, in 640 x 480 resolution,
V_DISP = 3BBh which can be separated into VDB =
77h (119d) and VDADJ = 3. The resulting scan line

-on which BLANK/ goes active is 119%4 + 3 + | =
. 480, just as expected.

Interlace mode is enabled when the Display Control
register INTERLACE bit = 1. Interlace does nothing
more than enable the Vertical Counter to count half
scan lines rather than full scan lines; all values
programmed in interlaced mode must be divided by 2
to get the-actual value. For true interlacing to occur,
V_TOTAL must be programmed to output an odd

- number of half scan lines per field.

" As amexample, in 1024 x 768 resolution V_.TOTAL

Similarly, bits 11:3 of V_DISP are named VDB and .~

bits 2:0 are named VDADJ, and bits 11:3 of = As a last example, in 1024 x 768 resolution

V_SYNC_STRT are named VSB and bits 2:0 are
named VSADJ. If the adjust value is larger than the
modulus, the timing is disabled. Actual timings are
1 greater than programmed in the V_TOTAL,
V_DISP, and V_SYNC_STRT registers.

The scan line modulus is determined by the Memory
Configuration (MEMCFG) and Double Scan
(DBLSCAN) bits of the Display Control register, as
shown below. MEMCEFG is related to the number of
banks of 256K VRAMs installed. DBLSCAN = 1
indicates that each scan line is repeated on the
display. These values are the same whether 256Kb
or IMb VRAMs are used; the 82C480 internally
corrects for addressing differences with 1Mb
VRAMs.

* = 660h, which separates into VTB = CCh (204d)

and'VTADJ = 0. The resulting number of scan lines

.per:field is (204*4 + 0 + 1)/2 = 408.5. The total
~: number of scan lines per frame (two fields) is 817.

V_DISP= 5FBh, which separates into VDB = BFh
(191d) and VDADJ = 3. The resulting scan line on
which BLANK/ goes active is (191%4 + 3 + 1)/2 =
384.

Horizontal timing occurs on a full scan line basis
only. This means that scan lines have an alternating
odd/even relationship with the half-scan-line count in
alternate frames. That is, in even frames, the first
displayed scan line starts when VCNT = 0. In odd
frames, the first displayed scan line starts when
VCNT =1.

On top of the very regular VSYNC period, a slightly
irregular VBLANK period occurs. Requests for
VBLANK occur on a very regular N/2 + 1/2 basis,
but they are synchronized only at the ends of
horizontal scan lines. This means VBLANK
maintains the same odd/even relationship to the half-
scan-line count as does the displayed scan lines.
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This has a side effect that VBLNK for even frames is
one scan line longer than VBLNK for odd frames.

Refresh Counter

The Refresh Counter is an independent 9-bit counter
which increments every half-scan-line (regardless of
interlace mode). Every time its value changes, a
VRAM memory refresh cycle is triggered, and the
counter value is used as the Row Address.

For refresh to occur, this scheme requires the Video
Circuitry to be enabled (using DISP_CNTL[5]).
Also, the Horizontal Total register must be loaded
with a value such that, with the current Video Clock

input frequency, the VRAM refresh requirements are
met.

Serial Bus

Nugget Clock (NCLK) is 1/8 or 1/10 pixel clock |

(PCLK) frequency, 30 MHz max. It is used by the
82C480 to generate CRT signals HSYNC, VSYNC,
and BLANK/. Lo

out of phase at 1/8 the video frequency (except in
Pseudo 8-Plane mode); each rising edge of SCLKQ
or SCLK1 generates four pixels. SOE(/ and SOE1/
also run 180° out of phase, as do SOE2/ and SOE3/.

If there are two banks, Banks O and 1 are alternately
enabled on nugget boundaries. If there are four
banks, Banks 0 and 1 are alternately enabled on even
scan lines; Banks 2 and 3 are alternately enabled on
odd scan lines ("odd" and "even" assume non-inter-
laced screens and count from scan line O at the top of
the screen). In Video Configuration A, serial data
from all four banks may be bused together.

Configuration 1M and its variants are a special case,
because they use only one bank of VRAM. Only
four pixels are output each serial clock cycle, so
SCLKO runs at 1/4 VCLK frequency in this

configuration only. NCLK runs at 1/8 VCLK as

The 82C480 chipset can select the video clock from - =

up to eight oscillators, using the CLKSEL?2:0
outputs. In a pure 8514/A implementation using the
82C480, only CLKSELO is needed to select between
the 25.175 MHz and 44.9 MHz clocks.

VRAM Serial Clocks (SCLK1:0) and Serial Output
Enables (SOE3:0/) are generated by the 82B484
whenever BLANK/ is inactive;
compensates BLANKY/ for serial data pipeline delays,
so the palette receives data and blanking at the same
time. SCLK1:0 are stopped during BLANKY/, so the
next scan line will start on the correct pixel and no
VRAM timings will be violated during the data
transfer cycle.

There are two basic Video Configurations, A and
B. There will of course be variations in external
logic, depending on the video frequencies required,
and whether the MCA Video Extension or VESA
video pass-thru connector (for VGA video) is
supported.

Video Configuration A enables data from only one
bank at a time and supports video rates up to approx-
imately 125 MHz. Systems using Video
Configuration A would normally use the 82B484
Video Support Chip (for video rates up to SOMHz).

All Memory Configurations but 1M and its variants
use two shift clocks (SCLK1:0) and four output
enables (SOE3:0/). SOE3:0/ drive banks 3 to 0
respectively. SCLKO drives banks 0 and 2, SCLK1
drives banks 1 and 3; SCLK1 and SCLKO run 180°

the 82B484 -

usual. SOEO(/ is active the entire active display time;
SOE3:1/ and SCLK1 are inactive.

Video Configuration B enables video from banks 0

and 1 (or 2 and 3) simultaneously and supports
video rates up to about 300 MHz. In this
Configuration, SCLKO still drives Banks 0 and 2
and SCLKI1 still drives Banks 1 and 3, but they run
in phase at 1/8 video frequency, each rising edge
producing -8 pixels. The shift registers must be 8
bits long and are loaded only every eighth VCLK.

. SOE3:0/ still drive Bank 3 through 0 respectively.

SOE0/ 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 0 and 2

.~ must be bused separately from Banks 1 and 3
.« (making the serial data bus 64/80 bits wide).

Video Configuration B may only be used with 2 or
4 banks of VRAM, but Video Configurations are
otherwise not related to Memory Configurations. As
a practical matter, however, Memory Configurations
using 256K VRAM s (2, 4, and their variants) do not
support resolutions high enough to require Video
Configuration B. Only Memory Configurations
2M, 4M, and their variants are logical candidates for
Video Configuration B; and only if you need more
than the 80 MHz video rate the 82B484 supports. In
these cases you must use ECL for the serial data and
clock logic.

The serial data bus is 40 bits wide (80 wide for
Video Configuration B) and numbered similarly to
the pixel data bus: SxDy, where x is the pixel
position in the (double) nugget (x = 0-4 for Video
Configuration A and 0-9 for Video Configuration
B) and y is the bit position in the pixel (y = 0-7).

Another option is to use a RAMDAC like the Brook-
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Functional Description

tree Bt451/458 in Video Configuration A. These
accept four pixels at time and multiplex them inter-
nally. Such a RAMDAC supports video rates well
above 80 MHz and eliminates the need for TTL shift

registers. Pseudo 8-Plane mode is not supported by
the Bt451/458.

Alternate Video Registers

The 82C480 maintains two alternate video register
sets which may be used to support non-standard
display parameters when programmed for one of the
two standard 8514/A resolutions. They are called
the Alternate High Resolution (AHR) and Alternate
Low Resolution (ALR) register sets. These alternate
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] L EC3[10:8]

The alternate video registers/bits overlay the 1/0 loca-

vertical refresh frequency than the IBM standard.

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

CLKSECAHRE ALRE " Video Reglsfer Active

0 X 0 Normal
0 X 1 Alternate Low-resolution
1 0 X Normal
1 1 X Alternate High-resolution

The alternate video registers do not normally need to
be saved, however they all are read/write accessible
when selected.

Note: Extended Configuration register EC3 should

..only be written in byte mode. This is because EC3

contains the alternate register selects in its low byte,

- and several alternate register set bits in its high byte.

tions of the normal registers/bits. The set of regis- -

ters which is visible to the system is determined by
the alternate register select bits (AHRS and ALRS)
of register EC3[5:4]. The register set which is active

in the 82C480 is determined by the alternate register -

enable bits (AHRE and ALRE) of register EC3[7:6]. -

When writing the alternate registers, AHRS and
ALRS act as "paging registers” selecting the register
sets as follows:

AHRS ALRS  Selects
0 0 Normal Registers
0 1 Alt. Low-resolution registers
1 0 Alt. High-resolution registers
1 1 Write Protect Video registers

The intention is to load the alternate registers only
once, for example under control of a config.sys file.
This would then allow the 82C480 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

_ Writing this register as a word value may yield

unpredictable results. Additionally, all extended

. configuration registers should have reserved bit

values preserved. Software should perform RMW
operations on these registers. This will allow soft-
ware to work transparently with future definitions of
these bits: o
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Functional Description

82C480 Initialization / Configuration

Many aspects of 82C480 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 are defined so that they all default to a

simple 8514/A board configuration, making special .

82C480 device drivers unnecessary. Extended (non-
8514/A) registers are always visible to the system
(there is no enable mechanism). =

Reset

On reset, all 82C480 pins except RESOUT/ are

tristated.

S8BITDAC, ROMCS/, MAS8, WE4/, CAS3:2/, and
P4D7:0latch configuration options at the falling edge
of RESET; they have internal pull-ups to insure they
default to 1 unless 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/, PALRD/, and RAS/ have 50K
pullups to insure the EPROM, RAMDAC, and

VRAMs 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] = 1. This allows any
desired POS_ID to be burned in ROM. Boards
without ROM may use tristate buffers enabled by
POSENY to provide a POS_ID.

Register 102H, bit 0 (Card Enable) is implemented
in the 82C480 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 82C480 configures itself for 8- or 16-bit bus
operation. This is possible because BHE/ (SBHE/
on ISA bus) is on the 16-bit bus extension, so it is

. unconnected when the board is in an 8-bit slot. An

internal pullup forces the 82C480 BHE/ pin inactive
in this case. AO and BHE/ are interpreted as follows:

MC/ISA Bus 82C480
A0 BHE/ Definition Definition
0 0 . 16-bit transfer 16-bit transfer
0 1 “Even byte on D7:0 Even byte on D7:0
1 0 Odd byte on D15:8 Odd byte on D15:8
1 8-bit adapter 0Odd byte on D7:0

Strapping Option - MC/ISA 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. This

: option may not be read by software.

. Strapping Option - 1M VRAMs

MAB is only used by 1IMb VRAME; if it is 1 on reset
1Mb VRAMSs are assumed, if it is 0 256Kb VRAMs
are assumed. An internal pull-up makes the pin
default to IMb VRAMSs; drive with RESOUT/ to
select 256Kb. This option may be read/written at
Extension Configuration register EC2[10].

Strapping Option - Number of VRAM Banks

CAS3/ and CAS2/ are only used in configurations of
more than 2 banks, so may be used to indicate the
number of VRAM banks installed on the board to the
82C480. Internal pullup resistors maintain high
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 low (or to
RESOUTY/); in a 2 bank configuration, CAS3/ is tied
low and CAS2/ is left unconnected; in a 4 bank con-
figuration, CAS2/ 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].
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Functional Description

The number of VRAM banks should be reflected in
the  VRTCFG and HORCFG bits of the Memory
Control register (MEM_CNTL). These bits are
interpreted differently for IMb VRAMS to maintain
register compatibility with the IBM 8514/A board.
The least significant 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|1Mb VRAM

Inter- Inter-
VRT- HOR-| leave | Total | leave| Total
CFG _CFG | VxH| Banks| VxH | Banks|Notes
00 O0X] 1x1 1 n/a | nfa
00 1X]| 1x2 2 1x1 1 |PS8 Mode
01 0X] 2x1 2 1x2 2
01 1X]| 2x2 4 1x1 1 |8514/A
10 0X | nfa n/a 2x2 4
10 1X| n/a n/a 2x1 2
11 0X ] 4x1 4 n/a | na
11 1X | 4x2 8 n/a n/a

Strapping Option - 8/6 bit DACs

Many VGA boards use the Inmos IMSG176
palette/DAC, which has 6-bit DACs.” Other boards
may use 8-bit DACs.  Still: others may use
palette/DACs such as the Brooktree Bt478, whose
DACs 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 82C480 reads analog video SENSE from
LM339 comparators, just as VGA chips do, via the
SENSE pin. The 82C480 also reads the Monitor ID
bits from the Video Connector via pins MS2:0.
SENSE may be read from the Display Status register
DISP_STAT(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
video connector; if the ROM_PG outputs are used,

Other Strapping Options

All remaining options are latched from the pixel bus
(P4Dy) on the falling edge of RESET. The P4Dy
pixel bus allows 8 possible options, of which only 5
(P4D7-P4D3) are currently implemented. Extension
bits currently unused are reserved for future defini-
tion. Internal pullups default these options to 1.

To select a 0 option, you should drive that pin with a
tristate driver (e.g. 741.5244) enabled by RESOUT/.
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 driving the pin directly with RESOUTY/.
All these options appear in the Extended Configura-
tion Registers and may be read and/or set by soft-

- ware.

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]. S8BP
may also be read or written at Extended Configura-
tion register EC2[7].

Strapbing Option - ROM Size (ROMSIZE)

. If P4D5=1 on the falling edge of RESET (default),

i an 8K ROM address space is decoded in system

~ memory:- If PADS5 is driven low with RESOUT/, 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-

pled low at reset, no ROM is mapped into address
space.

Strapping Option - (ROMBASE)

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.

MS2:0 must be driven by a tristate buffer enabled by ROMBASE SK MC SKISA 32K
S . R bit
Efregggfngitsg&‘fgﬁhe OM PAGING bit may 00 C8000h  C6000h DOO0OK
01 D8000h D8000h DS000h
10 C0000h  CO00Ch CO0000h
11 (default) C6000h C8000h C8000h
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82C480 Pixel Operations

Mixes

The 82C480 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 - SRC).
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
applied to any drawing operation.

MIX RESULT

Oh =00000b = ~DST
1h =00001b= 0
2h =00010b = 1
3h =00011b= DST
4h =00100b = ~SRC

~ /* XOR */

5h =00101b= SRC* DST"

6h =00110b = ~ ( SRC ' DST)

7h =00111b= SRC S

8h =01000b = ~ (SRC * DST) /*NAND */

9h =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 underflow
17h =10111b = (SRC + DST)/ 2 with overflow
18h =11000b = DST - SRC with saturate

19h =11001b = DST —-SRC with saturate

1Ah =11010b = SRC-DST with saturate

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
1IFh =11111b = (SRC + DST)/2  with saturate

Source Operand Selection

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
=T FS5 ] FOREMIX

Foreground Source Select

00 Background Color (BKGD_COLOR)
01 Foreground Color (FRGD_COLOR)
10 Variable Pixel Data (PIX_TRANS)
11 Bitmap Data

The Background Color (BKGD_COLOR) and
Foreground - Color (FRGD_COLOR) are register
values, used to draw in-a solid color or pattern of
two solid colors.

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.

Bi't”m‘apv data is from the source 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 ALU operand selected by
either BSS or FSS. If FSS and BSS = 11, the terms
"source" and "SRC" are equivalent.

Foreground and Background

The 82C480 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
Select and Background Mix will be referred to as the
Background. There are also registers for the
Foreground Color (FRGD_COLOR) and
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FRGD_MIX register L N
MUX z Mix for Pixel O
BKGD_MIX register z P

7 L~
] MU 2 Mix for Pixel 1
7 /
7‘ : M z Mix for Pixel 2
_7 >

M 2 Mix for Pixel 3

1
| 7
7 . .
. Mix for Pixel 4
Force FRGD_MIX register —L \ i i
PATTERN_L/PATTERN_H data ——m X, xS 11 1!
PIXEL_TRANS data —m—t{
Source bitmap data —5/—— /
2
MIXSEL
Mix Select for each Pixel Drawing Engine
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Functional Description

Background Color (BKGD_COLORY); 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 i’[ix. It is observed
that the Al associates the Foreground Color with the
Foreground and the Background Color with the
Background, but as far as the operation of the hard-
ware is concerned, "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 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

Eossible methods of selecting Foreground - vs.
ack%round, chosen by the mix select (MIXSEL)

bits (PIX_CNTL[7:6]). MIXSEL applies to all
ALUs. .

Mix Select Mode (MIXSEL):

0 0 = Foreground is always  used (most

commeon value)

0 1 = PAT_L/PAT_H select Foreground (1
selects FRGD_MIX)..

1 0 = VAR (Variable data) selects Foreground
(1 selects FRGD_MIX)

1 1 = Transparency selects Foreground

If MIXSEL = 00 (most commonly used option), the

Foreground is always selected.
If MIXSEL = 01, PATTERN_L (PAT_L) and

comparisons. This is to allow the RD_MASK to
1s:pemfy different planes for transparency and area
ling operations. If transparency is true, the
Foreground is selected; otherwise the Backeround is
selected. Source data is stored in the scratch register
during the bitblt (see next section); the result of the
transparency test is stored in place of bit 7 of the
source.

MIXSEL = 11 is used to allow "source
transparency”. 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 to do a stretch blt--i.e., a

bitblt where the source data is stored in only one
plane, and during the course of the bitblt it is
expanded to eight planes. This is done by selectin
(for example) MIXSEL = 11, FSS = 01, FOREMI
=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); eveEy ixel where bit 7 = 1, is drawn in
o

. “Foreground
~ drawn in‘Background Color.

Stretch blts are used for drawing bitmapped

or, and every pixel where bit 7 =0 is

« -characters. Character fonts may be cached with a

PATTERN_H (PAT_H) select Foreground. PAT_L .

and PAT_H are both nugget-wide registers; PAT_L
for even-numbered nuggets (starting with nugget 0 at
the left of the screen), and PAT H for odd-
numbered nuggets. Bits (0),1, 2, 3, and 4 of
PAT_L and PAT_H control pixels (4),3, 2, 1, and 0
of the nugget, respectively FSPNzl). 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 prompt for reloading.

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
each destination nugget respectively. This operation
is described as 'across the planes'.

If MIXSEL = 11, transparency selects Foreground.
Transparency is 1 (true) if source data = 1 for every
bit where RD_MASK = 1. RD_MASK is rotated
right one bit for purposes of transparency

‘different character in each plane to conserve
memorﬁ, and then drawn in the current foreground
y

color. selecting the mixes, the character cell may

be opaque (i.e. Foreground or Background Color) or
transparent.

Color Comparison

The 82C480 can do a magnitude comparison of the
destination data to a ﬁxedg 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
s