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NOTATIONAL CONVENTIONS

The following notational conventions are used in this data book:

Signal names are shown in all uppercase letters. For example, XD.

A bar over a signal name indicates an active low signal. For example, OE.

n-m indicates a bit field from bit n to bit m. For example, 7-0 specifies bits 7 through 0, inclusive.

n:m indicates a signal (pin) range from n to m. For example D[7:0] specifies data lines 7 through 0, inclusive
Use of a trailing letter H indicates a hexadecimal number. For example, 7AH is a hexadecimal number.

Use of a trailing letter b indicates a binary number. For example, 010b is a binary number.

When numerical modifiers such as K or M are used, they refer to binary rather than decimal form. Thus, for example, 1 KByte would be
equivalent to 1024, not 1,000 bytes.
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Section 1: Introduction

High-Performance Graphics Accelerator Core

e Integrated 64-bit graphics accelerator
/RAMDAC/clock-synthesizer core en-
ables desktop-level performance

e  Supports VGA, SVGA, and XGA flat
panel displays

. Provides 1280x1024x8-bit, 75 Hz refresh,
non-interlaced CRT mode

e  3.3V/5V operation
Direct Interface to Broad Range of LCDs

e  Support for VGA, SVGA and XGA dual-
scan/single-scan color panels with 8-bit,
16-bit, and 24-bit interfaces

e  Support for VGA, SVGA and XGA TFT
color panels with 9-bit, 12-bit and18-bit
(1 pixel/clock and 2 pixels/clock) inter-
faces

. Advanced frame rate control and dither-
ing algorithms provide up to 16.7 mil-
lion colors

e  Panel data polarity switching for EMI re-
duction

e Auto-expansion and centering for VGA
text and graphics modes on SVGA and
XGA panels

Industry-Leading Simultaneous Display
Capability

e CRT and flat panel refresh rates are inde-
pendently programmable to allow opti-
mum image quality via DuoView
architecture

e  Simultaneous TV/flat panel display

Multimedia Acceleration

e Integrated S3 Streams Processor en-
ables 30 frames-per-second, full-screen,
24-bit playback of full motion video

. Mixed-format (simultaneous YUV and
RGB) data in video memory

e Blending of graphics and video streams
of different color depths

e  High-quality hardware scaling using fil-
tered interpolation

e  Color key/chroma key control of
graphic/video overlay placement

Comprehensive Power Management

e  Self-refresh and slow-refresh DRAM sup-
port

o  Standby and low power suspend modes
e Hardware and software suspend support
e DPMS

. S3 Dynamic Power Management

64x64x2 Pixel Hardware Pop-up Icon

e  Available in all modes
e 8 separate bitmaps can be stored

Integrated Programmable Frequency
Synthesizers

e Dual, independent frequency synthesiz-
ers for DAC and memory control

e DCLKupto 110 MHz @ 3.3V, 135 MHz
@5V

e MCLK upto50 MHz @ 3.3V

INTRODUCTION 1-1
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83 Scenic Highway Video Bus For Low-Cost
Multimedia Solutions

e  ZV Port compliant

o  Glueless 8- or 16-bit interface to video
digitizers

. Glueless, bi-directional interface to S3
Scenic/MX2 MPEG decoder

integrated TV Encoder

e Direct output to NTSC/PAL monitors
. Composite or SVideo format

Flexible Memory Support

e  Fast page or EDO DRAMs

e  1-MByte with 2 256Kx16 DRAMs
e  2-MBytes with 4 256Kx16 DRAMs
e  2-MBytes with 1 512Kx32 DRAM
e  4-MBytes with 2 512Kx32 DRAMs

24-bit True-Color RAMDAC
Glueless PCI Local Bus Interface

PowerPC™ Support: Bi-endian Byte Ordering

Monitor Plug and Play Support: VESA® DDC
256-pin PBGA Package

e  27.0 mm x 27.0 mm footprint
e 1.27 mm ball pitch

The S3% 86CM65 Aurora6aV+™ dual display ac-
celerator is the first in a series of highly-inte-
grated flat-panel controller products to be offered
by S3 with the goal of providing better-than-
desktop features and performance to the note-
book computer market. It combines a 64-bit
memory interface and graphics engine with a
24-bit high-performance 135 MHz RAMDAC, a
flat panel interface capable of controlling the
latest STN and TFT panels, S3's Scenic High-
way™ multimedia interface and Streams Proces-
sor™ video acceleration technology, and direct
NTSC/PAL output. These elements, designed
around S3's DuoView™ architecture, provide the
performance, flexibility, and display quality nec-
essary for premium multimedia notebook com-
puter systems. Comprehensive, flexible hooks
are provided to simplify graphics subsystem
power management.

VIDEO
SOURCE

16\ Scenic Highway/ZV Port
v

10R2MBYTES| ,
DRAM 32 — CRT/TV
S$3 Aurora64V+
10R2 MBYTES|__ ——— FLAT PANEL
DRAM 32
< PCI BUS > e

Figure 1-1. System Block Diagram
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Section 2: Mechanical Data

2.1 THERMAL SPECIFICATIONS

Parameter Min Typ Max Unit
Thermal Resistance ©.c 5 °C/W
Thermal Resistance @ua (Still Air) 27 °C/W
Junction Temperature 125 °C
Case Temperature 105 °C

2.2 MECHANICAL DIMENSIONS

The 86CM65 comes in a 256-pin BGA package. The mechanical dimensions are given in Figure 2-1.

MECHANICAL DATA 2-1
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Figure 2-1. 256-pin BGA Mechanical Dimensions
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Section 3: Pins

3.1 PINOUT DIAGRAMS

The 86CM65 comes in a 256-pin BGA package. The pin locations for this package are shown in Figure
3-1. Refer to the pin lists later in this section for pin names associated with each pin.

PINS 3-1
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A1 | A2 | A3 | A4 | A5 | A6 [ A7 | A8 | A9 |A10|A11|A12|A13|A14| A15| A16 [ A17 | A18 | A19 | A20

B1|{B2|B3|B4|B5|B6|B7)B8| B9 |B10|B11|B12|B13|B14|B15|B16| B17 | B18| B19 | B20

C1|{C2|C3|Ca|C5|C6|C7|C8B|C9|Cl0{C11|C12{C13|C14{C15|C16|C17|C18|C19|C20

D1D2 D3| D4 D5 D6|D7|D8| D9 |D10|D11|D12|D13|D14|D15|D16 | D17 | D18 | D19 | D20

E1| E2 | E3 | E4 E17 | E18 | E19 | E20
F1|F2|F3|Fa F17 | F18 | F19 | F20
G1| G2 | G3| G4 G17|G18{G19| G20
H1 | H2 | H3 | H4 H17 | H18 | H19 | H20
J1|J2|J3] 4 86CM65 J17 [ J18 | 19 | J20
K1 | K2 | K3 | K4 K17 | K18 | K19 | K20
L1 | 2|13 L4 Top View L17 | L18 | L19 | L20
M1 | M2 | M3 | M4 M17|M18|M19 | M20
N1 | N2 | N3 | N4 N17 |N18 [ N19 | N20
P1|P2|P3|Pa P17 | P18 | P19 | P20
R1 | R2 | R3 | R4 R17 | R18 | R19 | R20
TI|T2|T3| T4 T17 | T18 | T19 | T20

Ul U2 U3|U4|USs|U6|U7|U8|U9|UI0[UI[UI2{U1I3|U14|U15|U16|U17[U18[U19|U20

Vi |V2|V3|V4a]|Vs ) V6| V7 |V8]| V9 |VI0|V11|V12|V13|V14|V15|V16|V17|V18|V19]|V20
W1 | W2 |W3fW4| W5 | W6 | W7 | W8 |WI | [WI10[W11|W12|W13{W14|{W15|W16|W17|W18|W19|W20
Y1 | Y2|Y3]YA|Y5|Y6|Y7)]Y8)| Y9 |YI0]Y11]|Y12]|Y13|Y14|Y15|Y16|Y17|Y18]|Y19|Y20

Figure 3-1. Aurora64V+ Pin Locations (Top View)
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3.2 PIN DESCRIPTIONS

The following table provides a brief description of each pin on 86CM65. The following abbreviations
are used for pin types.

I - Input signal
O - Output signal
B - Bidirectional signal

Some pins have multiple names. This either reflects the different functions performed by those pins
depending on the bus configuration selected by power-on-strapping or multiplexed pins whose
functions are selected via a register bit setting. The pin definitions and functions are given for each
possible case.

Table 3-1. Pin Descriptions

Symbol | Type Description
PCI BUS INTERFACE +
Address and Data
ADI[31:0] B Multiplexed Address/Data Bus. A bus transaction (cycle) consists of an
address phase followed by one or more data phases.
C/BEB:0] I Bus Command/Data Byte Enables. These signals carry the bus command
during the address phase and the byte enables during the data phase.
Bus Control
SCLK | PCI System Clock.
INTA 0 Interrupt Request.
IRDY I Initiator Ready. A bus data phase is completed when both TRDY and

TRDY are asserted on the same cycle.

TRDY 0 Target Ready. A bus data phase is completed when both IRDY and TRDY
are asserted on the same cycle.

DEVSEL (0] Device Select. 86CMB65 drives this signal active when it decodes its
address as the target of the current access.

IDSEL | Initialization Device Select. This input is the chip select for PCI
configuration register reads/writes.

RESET | System Reset. Asserting this signal forces the registers and state
machines to a known state.

FRAME | Cycle Frame. This signal is asserted by the bus master to indicate the
beginning of a bus transaction. It is deasserted during the final data phase
of a bus transaction.

PAR (0] Parity. 86CM65 asserts this signal to verify even parity during reads.

STOP (0] Stop. 86CMB65 asserts this signal to indicate a target disconnect.
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Table 3-1. Pin Descriptions (Continued)

Symbol l Type | Description
CLOCK CONTROL
XIN | Reference Frequency Input. If an external 14.318 MHz crystal is used, it

is connected between XOUT and this pin. A stable external frequency
source can also be input via this pin. If this is done, the input must be the
same voltage as AVDD. If PD11 is strapped low at power-on, this
becomes the DCLK (dot clock) input, bypassing the internal oscillator.
This is normally only used for test purposes.

XOouT 0 Crystal Output. This pin drives the crystal via an internal oscillator.
DISPLAY MEMORY INTERFACE
Address and Data

MA[9:0] (6] Memory Address Bus. The video memory row and column addresses are
multiplexed on these lines. MAS is output on pin M17 when the memory
type is 512Kx32.

PDI[63:0] B Display Memory Pixel Data Bus Lines 63:0. PD[28:0] are also used as the
system configuration strapping bits, providing system configuration and
setup information upon power-on reset. See Section 5 for a description of

this function.
Memory Control

RASO 0 Row Address Strobe.

CAS[7:0] 0 Column Address Strobe Lines 7:0.

WE 0 Write Enable.

OE 0 Output Enable.

CRT VIDEO INTERFACE

COMP Compensation. This pin is tied to VDD through a 0.1 uF capacitor.

VREF Voltage Reference. This pin is tied to VSS through a 0.1 pF capacitor.

RSET Reference Resistor. This pin is tied to VSS through an external resistor to
control the full-scale current value.

AR (0] Analog Red. Analog red output to the CRT monitor. In TV output mode
(CR3D_0 = 1), the output is determined by the setting of CR3D_3-1.

AB 0 Analog Blue. Analog blue output to the CRT monitor.

AG (0] Analog Green. Analog green output to the CRT monitor. In TV output
mode (CR3D_0 = 1), the output is determined by the setting of CR3D_3-1.

HSYNC B Horizontal Sync.

VSYNC B Vertical Sync.

3-4 PINS



o
#3

$3 Incorporated

86CM65 Dual Display Accelerator

Table 3-1. Pin Descriptions (Continued)

Symbol

| Type ! Description

FLAT PANEL INTERFACE

FPDI[35:0]

0]

Flat Panel Data. The meanings of these outputs vary depending on the
type of panel. See Section 11 for tables listing all output combinations.

FPDE/
MOD

0]

Flat Panel Display Enable/AC Modulation Signal. When a TFT panel is
being driven, this is the display enable signal. When an STN panel is
being driven, this is by default the display enable signal, which is not
normally used but may be required for external panel control. If SR34_7 =
1, this is the AC modulation signal for those panels that require it.

FPSCLK

Flat Panel Shift Clock. This is the shift (dot) clock for LCD panels.

FPHSYNC/LP

Flat Panel HSYNC. This is the HSYNC signal for TFT panels and the LP
(line pulse or new line start) signal for STN panels.

FPVSYNC/FLM

Flat Panel VSYNC. This is the VSYNC signal for TFT panels and the FLM
(first line marker or new frame start) signal for STN panels.

FPPOL

O] O] OjOo

Flat Panel Polarity. If SR1A_5 = 1, this signal tells the panel that the
polarity of the data is reversed, thereby minimizing the number of data
lines switching in each cycle. This is used in a few highly advanced
panels. If SR1A_5= 0, this is the ROMEN output.

PWM

o

Pulse Width Modulation. This signal is output on pin M17 when the
memory type is not 512Kx32 (CR68_6 = 1) and SR52 0 = 1.

FLAT PANEL POWER CONTROL

ENAVDD

(0]

Enable VDD. This signal is driven high to external logic to initiate a flat
panel power up sequence. It is driven low a programmable time (SR41_2)
after the panel control signals and ENAVEE are driven low when 86CM65
is placed in Standby or Suspend Mode or if the flat panel is shut off via
SR31_4.

ENAVEE

Enable VEE. This signal is driven high a programmable time (SR41_3)
after ENAVDD is driven high during a flat panel power up sequence. This
signals external logic to turn on the bias voltage to the flat panel. Itis
driven low when 86CM65 is placed in Standby or Suspend Mode or if the
flat panel is shut off via SR40_4. This signals external logic to turn off the
bias voltage to the flat panel.

STANDBY

Standby. If SR44_4 = 0, driving the STANDBY pin high initiates Standby
mode and driving it low initiates exiting of Standby. If SR44_4 = 1, the
system is always trying to go into Standby mode and 4 SCLK high pulses
on the STANDBY pin either prevent this or take the system out of
Standby, resetting the timer in either case.

SUSPEND

Suspend. This pin is active when SR42_0 = 1. A low to high transition
initiates a Suspend mode sequence and a high to low sequence initiates
exiting from Suspend mode.

CLK32

32 kHz Clock. An external TTL 32 kHz source is connected to this pin. Itis
used for panel power sequencing and video memory refresh when in
Suspend mode.
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Table 3-1. Pin Descriptions (Continued)

Symbol

l Type | Description

MISCELLANEOUS FUNCTIONS

ROMEN

0]

ROM Enable. This signal provides the chip output enable input for BIOS
ROM reads. It is multiplexed with the FPPOL signal and is selected when
SR1A 5=0.

RA[15:0}

ROM Address Bus. These signals are multiplexed on PD lines. If a video
BIOS is used, it must be immediately shadowed after boot up.

RDI[7:0}

ROM Data Bus. These signals are multiplexed on PD lines. If a video
BIOS is used, it must be immediately shadowed after boot up.

Strobe Write. If SR1A_4 is set to 1, pin C3 acts as STWR. This signal is
asserted whenever a write is made to CR5C. It is used to enable a
General Output Port latch. MCLK is output instead of this signal if SR15_2
= 1. MCLK output is used only for test purposes.

GOPO

General Output Port. When SR1A_4 is cleared to 0, pin C3 acts as GOPO.
The content of CR5C_0 is reflected on this pin when this bit is
programmed.

SPCLK

(o]

Serial Port Clock. This is the clock for serial data transfer, either for 12C or
DDC2 monitor data communications. As an output, it is programmed via
MMFF20_0. As an input, its status is read via MMFF20_2. In either case
the serial port must be enabled by setting MMFF20_4 to 1. PD[26:25] can
be strapped to allow |/O (E2H or E8H) port access to the Serial Port
register while 86CMB65 is disabled.

SPDAT

I10

Serial Port Data. This is the data signal for serial data transfer, either for
12C or DDC2 monitor data communications. As an output, it is
programmed via MMFF20_1. As an input, its status is read via
MMFF20_3. In either case the serial port must be enabled by setting
MMFF20_4 to 1. PD[26:25] can be strapped to allow |/O (E2H or E8H)
port access to the Serial Port register while 86CM65 is disabled.

3-6 PINS



-
#3

$3 Incorporated

86CM65 Dual Display Accelerator

Table 3-1. Pin Descriptions (Continued)

Symbol [ Type | Description

ZV PORT

LD[15:0] | Data. YUV input from PC Card

LCLK | Clock. PCLK input from PC Card

HS | HSYNC. HREF input from PC Card

VS | VSYNC. VSYNC input from PC Card

SCENIC HIGHWAY

Scenic/MX2 Mode

LD[7:0] 110 LPB Data. These lines carry compressed data to the Scenic/MX2 and
video data from the Scenic/MX2.

LCLK | LPB Clock. This clock controls transactions between 86CM65 and the all
Scenic Highway peripherals.

VREQ/VRDY o] Video Request/Ready. This signal is part of the the data transfer protocol
between 86CM65 and the Scenic/MX2.

CREQ/CRDY | Scenic/MX2 Request/Ready. This signal is part of the the data transfer
protocol between 86CM65 and the Scenic/MX2.

LPBEN (0] LPB Device Enable. This signal is connected to the Scenic/MX2 chip
enable input. The output level is controlled via SRD_Q. This bit must be
programmed to 1 to enable the Scenic/MX2.

Video 8 and 16 Modes

LD[15:0] | LPB Data Bus [15:0]. Video data input. LD[7:0] are used for 8-bit
interfaces.

HS | HSYNC. HSYNC input signaling the transition from one line to the next.

VS 1 VSYNC. VSYNC input signaling the transition from one frame to the next.

OoDD | Odd/Even Field. High = odd field input from digitizer. Low = even field
input. This input is active on pin M17 when the memory type is not
512Kx32 and SR52_0 = 0.

POWER AND GROUND

VDDCORE | Analog power supply to the core logic

VDDCRT | Digital power supply to the CRT block pads

VDDFPI | Digital power supply to the flat panel block pads

VDDLPB | Digital power supply to the LPB block pads

VDDMEM | Digital power supply to the memory subsystem pads

VDDSYS | Digital power supply to the system bus interface pads

AVDD | Analog power supply (RAMDAC). This must be the same voltage as
VDDCORE.

CLKAVDDI1:2] | Analog power supply (1 = MCLK synthesizer, 2 = DCLK synthesizer). This
must be the same voltage as VDDCORE

VSSPAD | Digital ground (dirty)

VSSCORE 1 Digital ground (core)

VSSSUB | Digital ground (substrate)

AVSS | Analog ground
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3.3 PINLISTS

Table 3-2 lists all 86CM65 pins alphabetically. Table 3-3 lists all pins in numerical order.

Table 3-2. Alphabetical Pin Listing

Name PIN(S)

AB G2

AD[31:16] V1, W1, V2, W2, Y1, Y2, U3, W3, U4, W4, V4, Y4, W5, V5, Y5, V6,
AD[15:0] W8, U9, W9,V9, Y9, W10, V10, Y10, V11, Y11, W12, V12, Y12, W13, V13, Y13
AG G1

AR F2

AVDD D1, F3, F4,

AVSS C1,D3, E3, F1, G3,

CAS[7:0] Y14, W14, K18, J18, V14, U14, J19, H20
C/BE[3:0] V3, Y6, Y8, W11

CLK32 T

CLKAVDDI[1:2] | C2, E4

COMP E2

CREQ/CRDY L1

DEVSEL W7

EMCLK N1

EDCLK Al

ENAVDD A2

ENAVEE B2

FLM A3

FPD[35:27] A14, B14, C14, D14, A13, B13, C13, A12, B12,
FPD[26:18] C12, D12, A11, B11, C11, A10, B10, C10, A9,
FPD[17:9] B9, C9, A8, B8, C8, D8, A7, B7, C7,

FPDI[8:0] A6, B6, C6, D6, A5, B5, C5, A4, B4

FPSCLK B3

FPDE B15

FPHSYNC c4

FPPOL Ci5

FPVSYNC A3

FRAME W6

GOPO c3

HS K1

HSYNC H1

IDSEL Y3

INTA U2

TRDY V7

LCLK M1

LD[15:0] R2, R1, P4, P3, P2, P1, N3, N2, L3, L2, K3, K2, J3, J2, J1, H3
LP c4
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Table 3-2. Alphabetical Pin Listing (Continued)

Name PIN(S)

LPBEN N1

MA[9:0] M17,L18, L19, M19, N18, N19, N20, M18, M20, L20

MOD B15

0oDD M17

OE K19

PAR V8

PD[63:48] V16, W16, T17, U17, V17, W17, Y17, V15, W15, Y18, W18, V18, U18, T18, R18, P18,
PD[47:32] C16, A17,B17,C17, D17, E17, G18, H18, H19, F18, E18, D18, C18, B18, A18, B16,
PDI31:16] P19, R19, T19, U19, V19, W19, Y19, Y15, Y16, Y20, W20, V20, U20, T20, R20, P20,
PDI[15:0] A16, A19, B19, C19, D19, E19, F19, G19, G20, F20, E20, D20, C20, B20, A20, A15
PWM M17

RA[15:0] A16, A19, B19, C19, D19, E19, F19, G19, G20, F20, E20, D20, C20, B20, A20, A15
RASO K20

RDI7:0] Y16, Y20, W20, V20, U20, T20, R20, P20

RESET. R3

ROMEN C15

RSET E1

SCLK U1

SPCLK M2

SPDAT M3

STANDBY T2

STOP us

STWR c3

SUSPEND T3

TRDY Y7

VDDFPI D5, D10, D13

VDDCORE D16, K17, L4, U10

VDDCRT G4

VDDLPB J4

VDDMEM G17,N17,U15

VDDSYS T4, U7, U12

VREQ/VRDY K1

VREF D2

VS L1

VSSCORE DY, D11, J17, K4, L17, M4, UT1

VSSPAD D4, D7, D15, F17, H4, H17, N4, P17, R4, U5, U6, U13, U16

VSSSUB R17

VSYNC H2

WE J20

XIN Al

XOuT B1
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Table 3-3. Numerical Pin Listing

Number Name Number Name

Al XIN/EDCLK C1 AVSS

A2 ENAVDD Cc2 CLKAVDD1
A3 FPVSYNC/FLM C3 STWR/GOPO
A4 FPD1 C4 FPHSYNC/LP
A5 FPD4 C5 FPD2

A6 FPD8 Cé FPD6

A7 ' | FPD11 Cc7 FPD9

A8 FPD15 C8 FPD13

A9 FPD18 C9 FPD16
A10 FPD21 . C10 FPD19
Al1 FPD24 c1 FPD22
A12 FPD28 C12 FPD26

A13 FPD31 C13 FPD29
A14 FPD35 C14 FPD33
A15 PDO/RAO C15 FPPOL/ROMEN
A16 PD15/RA15 Cci16 PD47

A17 PD46 c17 PD44

A18 PD33 C18 PD35

A19 PD14/RA14 C19 PD12/RA12
A20 PD1/RA1 C20 PD3/RA3
B1 XOUT D1 AVDD

B2 ENAVEE D2 VREF

B3 FPSCLK D3 AVSS

B4 FPDO D4 VSSPAD
B5 FPD3 D5 VDDFPI

B6 FPD7 D6 FPD5

B7 FPD10 D7 VSSPAD
B8 FPD14 D8 FPD12

B9 FPD17 D9 VSSCORE
B10 FPD20 D10 FPFPI

B11 FPD23 D11 VSSCORE
B12 FPD27 D12 FPD25

B13 FPD30 D13 VDDFPI
B14 FPD34 D14 FPD32

B15 FPDE/MOD D156 VSSPAD
B16 PD32 D16 VDDCORE
B17 PD45 D17 PD43

B18 PD34 D18 PD36

B19 PD13/RA13 D19 PD11/RA11
B20 PD2/RA2 D20 PD4/RA4
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Table 3-3. Numerical Pin Listing (Continued)

Number Name Number Name

E1 RSET K1 VREQ/VRDY/HS
E2 COMP K2 LD4

E3 AVSS K3 LD5

E4 CLKAVDD2 K4 VSSCORE
E17 PD42 K17 VDDCORE
E18 PD37 K18 CAS5
E19 PD10/RA10 K19 OE

E20 PD5/RA5 K20 RASO

F1 AVSS L1 CREQ/CRDYNS
F2 AR L2 LD6

F3 AVDD L3 LD7

F4 AVDD L4 VDDCORE
F17 VSSPAD L17 VSSCORE
F18 PD38 L18 MAS8

F19 PD9/RA9 L19 MA7

F20 PD6/RA6 L20 MAO

G1 AG M1 LCLK

G2 AB M2 SPCLK

G3 AVSS M3 SPDAT
G4 VDDCRT M4 VSSCORE
G17 VDDMEM M17 ODD/MA9Y/PWM
G18 PD41 M18 MA2

G19 PD8/RAS M19 MA6

G20 PD7/RA7 M20 MA1

H1 HSYNC N1 LPBEN/EMCLK
H2 VSYNC N2 LD8

H3 LDO N3 LD9

H4 VSSPAD N4 VSSPAD
H17 VSSPAD N17 VDDMEM
H18 PD40 N18 MAS

H19 PD39 N19 MA4

H20 CASO N20 MA3

J1 LD1 P1 LD10

J2 LD2 P2 LD11

J3 LD3 P3 LD12

Ja VDDLPB P4 LD13

J17 VSSCORE P17 VSSPAD
J18 CAS4 P18 PD48
J19 CAST P19 PD31

J20 WE P20 PD16/RDO
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Table 3-3. Numerical Pin Listing (Continued)

Number Name Number Name
R1 LD14 V3 C/BE3
R2 LD15 V4 AD21
R3 RESET V5 AD18
R4 VSSPAD V6 AD16
R17 VSSSUB V7 IRDY
R18 PD49 V8 PAR
R19 PD30 V9 AD12
R20 PD17/RD1 V10 AD9

T CLK32 V11 AD7

T2 STANDBY V12 AD4
T3 SUSPEND V13 AD1

T4 VDDSYS Vi4 CAS3
T17 PD61 V15 PD56
T18 PD50 V16 PD63
T19 PD29 V17 PD59
T20 PD18/RD2 V18 PD52
U1 SCLK V19 PD27
U2 INTA V20 PD20/RD4
U3 AD25 Wi AD30
U4 AD23 W2 AD28
us VSSPAD W3 AD24
U6 VSSPAD W4 AD22
u7 VDDSYS W5 AD19
us STOP W6 FRAME
us AD14 W7 DEVSEL
u10 VDDCORE W8 AD15
un VSSCORE W9 AD13
u12 VDDSYS W10 AD10
u13 VSSPAD W11 C/BEO
u14 CAS2 W12 AD5
U15 VDDMEM W13 AD2
u16 VSSPAD W14 CAS6
u17 PD60 W15 PD55
u18 PD51 W16 PD62
u19 PD28 W17 PD58
u20 PD19/RD3 W18 PD53
V1 AD31 W19 PD26
V2 AD29 W20 PD21/RD5
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Table 3-3. Numerical Pin Listing (Continued)

Number Name
Y1 AD27
Y2 AD26
Y3 IDSEL
Y4 AD20
Y5 AD17
Y6 C/BE2
Y7 TRDY
Y8 C/BE1
Y9 AD11
Y10 AD8
Y11 AD6
Y12 AD3
Y13 ADQ
Y14 CAS7
Y15 PD24
Y16 PD23/RD7
Y17 PD57
Y18 PD54
Y19 PD25
Y20 PD22/RD6
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Section 4: Electrical Data

4.1 MAXIMUM RATINGS

Table 4-1. Absolute Maximum Ratings

Ambient temperature 0°Cto70°C
Storage temperature -40°Ct0125°C
DC Supply Voltage 0.5Vto 7.0V

1/0O Pin Voltage with respect to Vss -0.5V to Vpp+0.5V

4.2 DC SPECIFICATIONS

Note: In all cases below, analog and digital VDD = 3.3V or 5V * 5% and the operating temperature is
0°Cto 70°C.

Table 4-2. RAMDAC/Clock Synthesizer DC Specifications

Symbol Parameter Min Typical Max Unit
VREF Internal voltage reference 1.10 1.235 1.35 \

Table 4-3. RAMDAC Characteristics

Min Typical Max Unit
Resolution Each DAC 8 bits
LSB Size 66 pA
Integral Linearity Error +1 LSB
Differential Linearity Error +1 LSB
Output Full-Scale Current 154 17.6 19.8 mA
DAC to DAC Mismatch 5%
Power Supply Rejection Ratio 0.5 %/ % AVDD
Output Compliance 0.0 1.5 \
Output Capacitance 30 pF
Glitch Impulse 75 pV-Sec
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Table 4-4. Digital DC Specifications (VDD = 3.3/5V + 5%, Operating Temperature 0° C to 70° C)

Symbol Parameter Min Max Unit

ViL Input Low Voltage 0.5 0.8 \

ViH Input High Voltage 2.4 Vpp +0.5 \

VoL Output Low Voltage Vss + 0.4 V

VoH Output High Voltage 2.4 V

loL1 Output Low Current 4 (Note 1)

loH1 Output Low Current -2

loL2 Qutput Low Current 6 (Note 2)

lon2 Output Low Current -3

loLs Output Low Current 8 (Note 3) mA

loH3 Output High Current -4 mA

loLa Output Low Current 12 (Note 4)

loHa Qutput Low Current -6

loLs Qutput Low Current 16 (Note 5) mA

loHs Output High Current -8 mA

loLe Output Low Current 24 (Note 6) mA

loHs Output High Current -12 mA

loz Output Tri-state Current 1 _pA

Cin Input Capacitance 5 pF

Cout Output Capacitance 5 pF

Icc Power Supply Current TBD (Note 7) mA
Notes for Table 4-4

1. lou1, lon1 for ENAVDD, ENAVEE
loL2, lonz for FPDI36:0], FPDE, FPPOL at 3.3V with SR40_0 =0

loLs, loks for pins ROMEN, INTA, STWR, HSYNC, VSYNC, BLANK, MA[8:0], CAS[7:0], PDI[63:0],
ADI[31:0], LD[7:0], VREQ/VRDY, SPCLK, SPD, FPD[36:0] (5V if SR40_0 = 0), FPVSYNC, FPHSYNC

loLa, lows for FPD[36:0] FPDE, FPPOL at 3.3V with SR40_0 = 1
lots, lows for pins OE, WE, RAS[1:0], FPDI[36:0] (5V if SR40_0 = 1)
loLs, lons for pins PAR, STOP, DEVSEL, TRDY

Icc measured for a resolution of 1024x768x8 with a 756 MHz DCLK and a 50 MHz MCLK at 25°C
and 5V.

8. The pin names used in these notes are the primary ones. An output signal multiplexed on one
of these pins has the same drive level.

W N

N o o
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4.3 AC SPECIFICATIONS

Note: All AC timings are based on an 80 pF test load.

4.3.1 RAMDAC AC Specifications

Table 4-5. RAMDAC AC Specifications

Parameter Typical Max Unit Notes
DAC Output Delay 5 ns 1
DAC OQutput Rise/Fall Time 3 ns 2
DAC Output Settling Time 15 ns
DAC-to-DAC Output Skew 2 5 ns 3

Notes for Table 4-5

1. Measured from the 50% point of VCLK to the 50% point of full scale transition

2. Measured from 10% to 90% full scale

3 With DAC outputs equally loaded

Table 4-6. RAMDAC Output Specifications
Description lout (MA) Vour (V) BLANK Input Data
White 17.6 typical 0.66 typical 1 FFH
Data Data Data 1 Data
Data (sync) Data Data 1 Data
Black 0 0 1 00H
Black (sync) 0 0 1 00H
BLANK 0 0 0 Don't Care

Note

1. Condition for Vour is a 75 Ohm doubly terminated load, RSET = 147 Ohms and use of internal

VREF.

PRELIMINARY
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4.3.2 Clock Timing

+“—Twei ™| 5V CLOCK “—Twen ™| 3.3V CLOCK
2.4V 2.0V
1.%33\, L 1.13:3‘,
0.8V 1.1V
_/ 0.4V -JI —/ 0.7v —/‘
+“—Tow™ [ Tow™
; Teve —>| e “ Teve ~

Figure 4-1. Clock Waveform Timing

Table 4-7. Clock Waveform Timing

Symbol Parameter Min Max Units Notes

Teye SCLK Cycle Time 30 125 ns 1
LCLK Cycle Time 30 200 ns
MCLK Cycle Time 20 100 ns
DCLK Cycle Time (VGA Mode) 25 100 ns 1
DCLK Cycle Time (Enhanced Mode) 12.5 100 ns 1,2
FPDCLK Cycle Time TBD TBD ns
CLK32 Cycle Time TBD TBD ns

THIGH SCLK High Time 12 80 ns
LCLK High Time 12 160 ns
FPDCLK High Time TBD TBD ns
CLK32 High Time TBD TBD ns

Tiow SCLK Low Time 12 80 ns
FPDCLK Low Time TBD TBD ns
CLK32 Low Time TBD TBD ns
LCLK Low Time 12 160 ns
SCLK Slew Rate 1 4 V/ns 3
LCLK Slew Rate 1 4 v/nS 3
FPDCLK Slew Rate TBD TBD v/nS
CLK32 Slew Rate TBD TBD v/nS

Notes

focik > 1/2 feoik to ensure valid writeg to the Plig,

ClK = Koenstieva: W8S W

2. For DCLK rates above 80 MHz, clock doubling is used. The maximum DCLK rate with clock
doubling is 67.5 MHz.

3. Rise and fall times are specified in terms of the edge rate measured in V/ns. This slew rate
must be met across the minimum peak-to peak portion of the clock waveform.
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4.3.3 Input/Output Timing

cLOCK 15V f__\___
— ]

<—TSU—><-—— T,—

INPUT 1.5V 1.5V

Figure 4-2. Input Timing

Table 4-8. SCLK-Referenced Input Timing

TCLKIN

PCl Bus

Symbol Parameter Min Units
Tsu ADI[31:0], C/BE[3:0], FRAME, IRDY, IDSEL setup 7 ns
TH ADI[31:0] hold 1 ns
Tu C/BE[3:0], FRAME, IRDY, IDSEL hold 1 ns
Tsu STANDBY setup TBD ns
TH STANDBY hold TBD ns

Table 4-9. CLK32-Referenced Input Timing

Symbol Parameter Min Units
Tsu SUSPEND setup TBD ns
TH SUSPEND hold TBD ns

PRELIMINARY
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Table 4-10. MCLK-Referenced Input Timing

Symbol Parameter Min Units

Tsu MDI63:0] setup to MCLK high (2-cycle EDQO) 0 ns

TH MDI[63:0] hold from MCLK high (2-cycle EDO) 12.5 ns

Tsu MDI63:0] setup to following CAS low (1-cycle 0 ns
EDO)

T MDI63:0] hold from following CAS low (1-cycle 15 ns
EDO)

Tsu MDI[63:0] setup to CAS high (fast page) 0 ns

TH MDI63:0] hold from CAS high (fast page) 15 ns

Note

1.  The timing reference in each of the three cases above is to the event that causes the latching
of the read data. The MCLK used to latch 2-cycle EDO data is an internal signal that cannot be
directly observed. The CAS signals used to latch read data in the other operational modes are
derived from the internal MCLK.

Table 4-11. LCLK-Referenced Input Timing

Scenic/MX2 Interface

Symbol Parameter Min Units
Tsu LD[7:0] setup 10 ns
TH LD[7:0] hold 9 ns
Tsu CREQ/CRDY 6 ns
T CREQ/CRDY 8 ns
SAA7110 Interface

Symbol Parameter Min Units
Tsu LD[7:0] setup (also LD[15:8] for 16-bit interface) 6 ns
TH LD(7:0] hold (also LD[15:8] for 16-bit interface) 8 ns
Tsu HS setup 6 ns
TH HS hold 7 ns
Tsu VS setup 6 ns
TH VS hold 7 ns
Tsu ODD setup TBD ns
TH ODD hold TBD ns
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Figure 4-3. Output Timing

The minimum delay is the minimum time after the clock edge that the valid signal state from the previous
cycle will begin transition to the next state (become invalid).

The maximum delay is the maximum time after the clock edge that the signal state is valid for the next
cycle.

Table 4-12. SCLK-Referenced Output Timing

PCl Bus
Parameter Min Max Units Notes
ADI[31:0] valid delay 2 16 ns 1
DEVSEL, PAR 2 1 ns Medium DEVSEL
delay timing used
STOP delay 2 1 ns
TRDY delay 2 1 ns
INTA delay 2 11 ns
Note

1. Due to the timing for TRDY for read cycles, data is not sampled on the clock edge immediately
following its becoming valid. This guarantees the PCl 2.0 specification time of 11 ns.

Table 4-13. CLK32-Referenced Output Timing

Parameter Min Max Units Notes
ENAVDD, ENAVEE active delay TBD TBD ns

PRELIMINARY ELECTRICAL DATA 4-7
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Table 4-14. MCLK-Referenced Output Timing

Parameter Min Max Units Notes
PD[63:0] valid delay 2 7/11 ns 1
MAI8:0] valid delay 1.5 8 ns

CAS[7:0] active delay 1 5.5 ns

CASI7:0] inactive delay 1 5.5 ns

RASO active delay 1 5 ns

RASO inactive delay 1 6.5 ns

OE active delay 1.5 45 ns

WE active delay 1.5 45 ns

Note

1. The max delay is 7 ns for 1-cycle operation and 11 ns for 2-cycle operation.

Table 4-15. LCLK-Referenced Output Timing

Scenic/MX2 Interface
Parameter Min Max Units Notes
VREQ/VRDY active delay 2 11 ns 7 ns typ
LD[7:0] valid delay 2 15 ns 8 ns typ
LD[7:0] tri-state from LCLK 7 15 ns

Table 4-16. FPSCLK-Referenced Output Timing
Parameter Min Max Units Notes
FPDI36:0] valid delay 0 10 ns
FPDE, FPPOL, FPVSYNC, FPHSYNC active 0 10 ns
delay
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Figure 4-4. Reset Timing

Table 4-17. Reset Timing

Symbol Parameter Min Units
Tiow RESET active pulse width 400 ns
Tsu PD[28:0] setup to RESET inactive 20 ns
TH PD[28:0] hold from RESET inactive 10 ns

PRELIMINARY ELECTRICAL DATA 4-9
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Section b: Reset and Power Control

The RESET signal resets the internal state ma-
chines in the 86CM65 and places all registers in
their power-on default states. All output pins are
tri-stated except OE, which must be driven high
to prevent the memory from driving data onto
the power-on strapping pins described in the
next section.

5.1 CONFIGURATION STRAPPING

The PD[28:0] pins are pulied low internally and
can be individually pulled high through 10 KQ
resistors. These pull-ups and puli-downs do not
affect normal operation of the pins as part of the
pixel data bus, but they do force the pins to a
definite state during reset. At the rising edge of
the reset signal, this state is sampled, the result
is inverted and the data loaded into the CR36,
CR37, CR68 and CR6F registers. The data is used
for system configuration. The definitions of the
PDI[28:0] strapping bits at the rising edge of the
reset signal are shown in Table 5-1.

Important Note: As described above, the signal
levels on PD[28:0] are inverted before being
latched in the various strapping bit registers.
Since PD[28:0] all have internal pull-downs, the
default values for each of the strapping bits is 1.
The value latched at reset can be changed to 0
by adding an external pull-up to the appropriate
pin. After reset, the strapping bits are written
and read normally, i.e., there is no inversion of
the register values.

Strapping bits 7-5 define the display memory
size. However, the BIOS determines this value
directly and writes it to CR36_7-5 after reset.
Therefore, systems do not need to strap the

PDI[7:5] pins. Other pins may also not require
strapping, depending on the design.

5.2 BOUNDARY SCAN

Boundary scanning is enabled when PD9 is
pulled high at reset. All digital pins become in-
puts except the SPCLK pin (M2) and the RESET
pin (R3). SPCLK is the output pin for the boundary
scan and RESET cannot be tested and must not
be connected.

The tester drives high logic to all digital inputs. It
then sequentially drives and holds each input low
and records the state of the SPCLK pin. If all pin
connections are good, the output will be perfect
square wave. If this pattern is broken, the location
ofthe incorrect signal level in the sequence ident-
fies the bad connection.

Any sequence of the digital inputs can be used.
The digital inputs to be tested are all pins except
the following:

SPCLK
RESET
XIN
XouT

All analog and digital powers and grounds

RESET AND POWER CONTROL 5-1
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Table 5-1. Definition of Strapping Bits at the Rising Edge of the Reset Signal

Note: The CR Bit Values in this table are the latched values as software would read or write them. To
latch a 0 at reset, an external pull-up resistor must be connected to the appropriate PD pin as explained

by the note on the previous page.

CR Bits PD | CRBit| Function
Pins | Value
CR36_1-0 Reserved
Memory Page Mode Select
CR36_3-2 3-2 00 1-cycle extended data out (EDO) mode
01 Reserved
10 Extended data out (EDO) mode
11 Fast page mode
CR36_4 Reserved
) Display Memory Size
CR36_7-5 7-5 000 4 MBytes (valid only with 512Kx32 DRAMs)
001 Reserved
010 Reserved
011 Reserved
100 2 MBytes
101 Reserved
110 1 MByte (valid only with 256Kx16 DRAMs)
11 Reserved
CR37_0 Reserved
Boundary Scan
CR37_1 9 0 Allows testing for bad solder connections
1 Normal operation
CR37_2 Reserved
Clock Select .
CR37_3 1 0 Use external DCLK on the XIN and external MCLK on the
LPBEN pin (test purposes only)
1 Use internal DCLK, MCLK
CR37_4 Reserved
Panel Type
CR37_7-56 15-13] l OEM-specific coding for identifying up to 8 panel types
CAS/OE Low Stretch
CR68_1-0 17-16| 00 approximately 6.5 ns stretch (nominal)
01 approximately 5 ns stretch (nominal)
10 approximately 3.5 ns stretch (nominal)
11 No stretch
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Table 5-1. Definition of Strapping Bits at the Rising Edge of the Reset Signal (Continued)

CR Bits PD | CRBit| Function
Pins | Value
RAS Low Timing Select
CR68_2 18 0 4.5 MCLKs
1 3.5 MCLKs
RAS Pre-Charge Timing Select
CR68_3 19 0 3.5 MCLKs
1 2.5 MCLKs
Memory Type Select
CR68_6 22 0 512Kx32 DRAMs
1 256Kx16 DRAMs
CR68_7-5 Reserved
CR6F_0 Reserved
Serial Port /O Address Select
CR6F_1 25 0 Serial Port register mapped as |/O port at address 000E8H
1 Serial Port register mapped as 1/O port at address 000E2H
Serial Port Address Type Select
CR6F_2 26 0 Serial Port register mapped at the I/O port defined by PD25 or
at its MMIO address (offset FF20)
1 Serial Port register is accessed at its MMIO address (offset
FF20) only (no I/O)
WE Delay
CR6F_4-3 28-27| 00 3 units delay
01 2 units delay
10 1 unit delay
1 no delay
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5.3 FLAT PANEL POWER
SEQUENCING

The flat panel may be damaged if the bias voltage
VEE is applied to the liquid crystal material with-
out enabling the control and data signals to the
panel, which require VDD. the 86CM65 supplies
the ENAVDD and ENAVEE signals to control
power up/down sequencing of LCD panels.
These signals drive external power management
components which eventually drive panel VDD
and panel VEE.

At the end of a power down sequence, the
86CM65 is in its idle power down state. This
status is indicated by SR46_6. After power up or
a system reset, 86CM65 stays in idle power down
state. The BIOS must program SR42_5 = 1 to
initiate software Standby, program all mode set-
tings, then program SR42_5 = 0 to exit Standby.
This initiates a power up sequence.

Sequencing timing is shown in Figure 5-1. The t1
and t2 values can each be programmed to 32 or
128 ms via bits 2 and 3 of SR41. The default is 32
ms for both t1 and ta2.

At the end of a power up sequence, the 86CM65
is in its idle power up state. This status is indi-
cated by SR46_7.

Enabling flat panel display (SR31_4 = 1) automat-
ically generates a panel power up sequence. Dis-
abling flat panel display (clearing SR31_4 to 0)

The PWM signal, whcih can control panel con-
trast, is also sequenced. See Figure 11-8.

5.4 POWER MANAGEMENT

The operational modes can be classified by the
following three categories: .

e  Normal mode
e  Standby mode
e  Suspend mode

5.4.1 Normal Mode

During the Normal mode of operation, the flat
panel is active. The CPU can access video mem-
ory and I/O registers and normal refresh to the
video memory is provided. In this mode, the
86CM65 provides a number of automatic power
management functions. These turn off power to
certain internal blocks when these blocks are
inactive.

5.4.2 Standby Mode

In Standby, the 86CM65 suspends all display-re-
lated memory activities. The CPU can still access
video memory and /O registers. In summary, the
following occur in Standby mode:

e  Most of the dot clocks (DCLKs) are gated

automatically generates a panel power down off
sequence.
H &= i
i >3 i
ENAVDD
i . H
i i i
— st je— — b
i i cC ’
i i
CONTROL ! == \
SIGNALS i \

i i i

i {
—i —n o —

H H = H

i D3 i

ENAVEE i s

i
PWRSEQ

Figure 5-1. Flat Panel Power Sequencing
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e Noclock is provided to the CRT control-
lers

e  The RAMDAC is in low-power mode

e  The CPU can access and modify the
video display memory and CLUTs

Standby mode is controlled by three different
methods. These are:

e  STANDBY input pin, a bit defining the
operation of this pin and a hardware
Standby enable bit

e Activity bit
e  Software Standby bit

The function of the STANDBY pin is enabled
when SR42 _4 is set to 1. The activity function is
enabled by setting SR43_6 to 1. This means that
internal chip activity (register access, Graphic
Engine busy, etc.) is used as a criterion for enter-
ing or leaving Standby. Software Standby is con-
trolled by SR42_5. Only one of these functions
should be enabled/used at a time. Typically, the
BIOS will use the software bit during mode
changes, with both the hardware and activity
enable bits disabled. After the mode is set, the
BIOS will then disable software Standby and
enable hardware Standby. The activity function
provides additional flexibility and may not be
required.

The second Standby setup function is to specify
a timeout value controlling the time between
initiation of Standby and the actual entering of
that state. The Standby timer is programmed
with a timeout value in SR43_5-0, with SR43_7
specifying whether the timeout value units are
seconds or minutes.

The STANDBY pin has two operational modes. If
SR44_4 = 0 and hardware Standby is enabled,
the Standby sequence is initiated by a low to high
transition on the STANDBY pin. This starts the
timeout counter. If the STANDBY pin remains in
a high logic state until the timer expires and a
panel power down sequence is completed (see
Section 5.3), the system enters Standby. If the
STANDBY pin transitions from high to low before
the idle power down state is reached, a power up
sequence is generated (if required), the timer is
reset and normal operation continues.

Once in Standby state, a high to low transition of
the STANDBY pin initiates exiting of this state.
This transition causes a panel power on se-
quence. When this is complete, normal operation
is restored and the timer is reset.

If SR44_4 = 1, the Standby timeout counter be-
gins counting when hardware Standby is en-
abled (SR42_4 = 1). If the STANDBY pin is not
taken from low to high before the timer expires
and the power down sequence is complete, the
system enters Standby. Every rising edge of the
Standby pin will either reset the timer (if not in
Standby) or take the system out of Standby.
Thus, in this mode, the STANDBY pin becomes
an activity pin. As soon as Standby is exited and
the power up sequence is complete, the Standby
timer resets and starts counting again. The activ-
ity pulses on the STANDBY pin must be exactly
4 SCLKs wide.

Summarizing, if SR44_4 = 0, driving the
STANDBY pin high initiates Standby mode and
driving it low initiates exiting of Standby. If
SR44_4 =1, the system is always trying to go into
Standby mode and 4 SCLK high pulses on the
STANDBY pin either prevent this or take the
system out of Standby, resetting the timer in
either case.

If the activity function is enabled, this starts the
timeout counter. If no internal chip activity is
detected before the timer expires, a panel power
down sequence is initiated. At the end of the
power down sequence, the Standby state is en-
tered. If activity is detected before the timer ex-
pires, the timer is reset and counting restarts.
This sequence continues as long as the activity
function is enabled. Once in Standby state, any
chip activity causes a panel power on sequence.
When this is complete, normal operation is re-
stored except that the Standby timeout counter
is again active.

If the software Standby bit (SR42_5) is set, this
starts the timeout counter. If the bitis not cleared
before the timer expires, the Standby state entry
sequence is executed. If the software Standby bit
is cleared before the timer expires, the timer is
reset and normal operation continues. Once in
Standby state, clearing the software Standby bit
to 0 causes a panel power on sequence. When
this is complete, normal operation is restored.
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If Standby is initiated while any chip activity is in
progress, any current transaction is completed
first. If Standby is initiated after a Suspend re-
quest is initiated but before Suspend is entered,
the Standby request will be delayed until after
Suspend is exited.

If a power up sequence is requested while a
power down sequence is being executed, it will
be delayed and executed immediately after the
power down sequence completes. Power up se-
quences do not use the timer. If the system is
already in its idle power down state (CR46_6
reads 1) when a Suspend request is made, the
power down sequence will not be done.

Standby mode status can be read via SR46 _5
(0 = off; 1 = on).

5.4.3 Suspend Mode

The following occur in Suspend mode:

* Register data bits are retained

e DCLK and MCLK oscillators are shut off
e No CPU accesses are allowed

e  DRAM refresh clock rate set to 32 KHz

e  All pins are deactivated except for the
SUSPEND and DRAM control pins

e DAC and TV encoder are powered down

Suspend mode is controlled by two different
methods. These are:

e  SUSPEND input pin and a hardware Sus-
pend enable bit

e  Software Suspend bit

When hardware Suspend is used, the Suspend
debounce timer is programmed with a value of
62.5 us (SR42_7-6 = 00b) or 2 seconds (SR42_7-6
= 01b. Hardware Suspend is enabled by setting
SR42_0 to 1. The Suspend sequence is initiated
by a low to high transition of the SUSPEND pin.
If after the debounce period, the SUSPEND pin is
still high, a power down sequence is initiated (if
the system is not already in its idle power down
state) followed by entry to the Suspend state.

Software-initiated Suspend is entered by setting
SR42_1 to 1. Since CPU access is not allowed in
Suspend mode, exiting requires that the
SUSPEND pin be driven from high to low. Exiting
of Suspend clears SR42_1 to 0.

If supported by the DRAMs, slow DRAM refresh
can be selected (SR29_7-6 = 01b or 10b). This
uses the 32 KHz clock. If supported, the DRAM
will be placed in self refresh mode (SR29_7-6 =
11b). The system BIOS must program the correct
choice of refresh type supported by the DRAM.

The delay before the clock synthesizer PLLs are
turned off is programmable via SR45_1-0.

If Suspend mode is initiated while any chip activ-
ity is in progress, any current transaction is com-
pleted first. If Suspend mode is initiated while the
chip is in Standby mode, Standby is interrupted
and resumed (assuming the request is still active)
after leaving Suspend.

Hibernate mode is executed by the system. It is
entered when the system reads the contents of
the registers and DRAM and stores it to disk
before activating Suspend. Once the data is
saved, power to the 86CM65 can be turned off.
The stored data is used after power-on reset to
return the 86CM65 to its operating state before
entering Hibernate mode.

5.5 MIXED 3.3 VOLT AND 5 VOLT
OPERATION

The 86CM65 provides mixed 3.3V and 5V opera-
tion. The choice of voltage levels for the various
subsystems is left to the system designer. Care
must be taken that the choices are consistent with
the choice of external components, e.g., 3.3V
memory must be used if the memory power
plane is supplied with 3.3V.

Only the RAMDAC power is directly programma-
ble. The automatic setting is read from SR1B_0

(0 =5V; 1 =3.3V). The internal setting can be over
ridden via SR1A_7 (0 =3.3V; 1 =8V,

The drive strength of the flat panel data output
drivers can be set at 6 or 12 mA for 3.3V operation
or at 8 or 16 mA for 5V operation. SR40_0 pro-
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vides this option. The lower drive levels (6/8 mA)
must be used with XGA panels.

5.6 GREEN PC SUPPORT

The 86CM65 provides support for the VESA Dis-
play Power Management Signaling (DPMS) pro-
tocol by allowing independent control of the
HSYNC and VSYNC signals. To use this capabil-
ity, the bit pattern xxxx0110b must be written to
the SR8 register to unlock access to the SRD
register. Bits 5-4 of SRD then control the state of
HSYNC and bits 7-6 of SRD control the state of
VSYNC.
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Section 6: PCI Bus Interface

The pinout and other specifications for the
86CMB65 are in complete conformance with Revi-
sion 2.1 of the the PCl specification. No glue logic
is required.

6.1 PCI CONFIGURATION

The Vendor ID register {Index 00H) in the PCI
Configuration space is hardwired to 5333H to
specify S3 Incorporated as the vendor. The
Device ID register is hardwired to 8811.

Bits 10-9 of the Status register (Index 06H) are
hardwired to 01b to specify medium DEVSEL
timing. The Class Code register (Index 08H) is
hardwired to 30000xxH to specify that the
86CM65 is a VGA compatible device. Bits 3-0 of
the Base Address 0 register (Index 10H) are hard-
wired to 00H. This indicates that the "prefetch-
able" bit is cleared to 0, the base register can be
located anywhere in a 32-bit address space and
the base register is located in memory space.

When the 86CM65 powers up in a PCl configura-
tion, it defaults to linear addressing and memory
mapped I/O enabled at a relocatable base ad-
dress of 7000 0000H. This allows the PCl system
to reconfigure as required for plug and play.

6.2 PCICONTROLS

The 86CM65 provides several methods of con-
trolling PCl Bus operation. PCl disconnects are
enabled via CR66_3 and CR66_7. The RAMDAC
snoop method is selected via CR34_0. PCl master
abort handling during RAMDAC snooping can be
disabled via CR34_1. PCI retry handling during

RAMDAC snooping can be disabled via CR34_2.
PClread burst cycles can be disabled via CR3A_7.
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Section 7: Display Memory

The 86CM65 supports a DRAM-based video
frame buffer. This section describes the configu-
rations supported, the functional timing for
memory accesses and the operation of various
register bits that affect memory timing and op-
eration. It also describes how access to display
memory is controlled to maximize graphics per-
formance.

7.1 DISPLAY MEMORY
CONFIGURATIONS

The 86CM65 uses fast page mode or extended
data out (EDO) DRAMs for its frame buffer. EDO
DRAMs must be capable of 1-cycle operation

with the MCLK frequency used in the design. The
type of DRAM operation used is specified via
CR36_3-2, which can be programmed at reset via
power-on strapping of PD[3:2]. The default is fast

page.

Either 256Kx16 dual-CAS or 512Kx32 quad-CAS-
DRAMs are supported. These two types cannot
be mixed. A Tech Note lists recommended
DRAMs.

Figure 7-1 shows 1- and 2-MByte configurations
using 256Kx16 DRAMS. Either fast page or EDO
memory can be used. The PD bus with 1 MByte
of memory is 32 bits. This reduces performance

PD[63:0]
256Kx16 |PDI15:0] 256Kx16 |PD[47:32]
r— [— p—
OE OE
RAS RAS
CAS1 CASa
CASO0 CASS
WE WE
MA[8:0]
86CM65
o) PoIs3:4e]
RAM CONTROL
D \ _J \ )
Y Y Mi2mMB
1ST MBYTE 2ND MBYTE

Figure 7-1. 256Kx16 DRAM Configurations
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and the number of video modes available as
compared with 64-bit PD bus operation.

Figure 7-2 shows 2- and 4-MByte configurations
using 512Kx32 DRAMs. The PD bus with 2 MBy-
tes of memory is 32 bits. This reduces perform-
ance and the number of video modes available
as compared with 64-bit PD bus operation. Note
that pin M17 is automatically configured as MA9
when 512Kx32 DRAMs are specified.

Table 7-1 Memory Size/PD Bus Width
Specification

CR36_7-5 Mem. Type Size/Width
001 256Kx16 1 MB/32-bitj
010 512Kx32 2 MB/32-bit
011 256Kx16 2 MB/64-bit
111 512Kx32 4 MB/64-bit

7.2 DISPLAY MEMORY REFRESH

The 86CM65 supports several DRAM refresh
methods. For normal operation, it uses the stand-
ard CAS before RAS method. The functional tim-
ing for this can be found in any standard DRAM
data book.

| PD[63:0]

The number of refresh cycles performed per hori-
zontal line is determined by bit 6 of CR11. If bit 2
of CR3A is set to 1, the number of refresh cycles
per horizontal line is determined by the setting of
bits 1-0 of CR3A. Refreshes are performed during
the horizontal blanking period.

During power saving modes, 86CM65 supports
slow refresh based on the 32 MHz clock or self-
refresh, assuming the DRAMs can support these.
The desired selection is made via SR29_7-6 as
follows:

00 = Normal (8 ms)

01 = 16 ms slow refresh
10 = 64 ms slow refresh
11 = self-refresh

The system BIOS needs to be aware of the DRAM
capabilities and set these bits appropriately.

7.3 DISPLAY MEMORY
FUNCTIONAL TIMING

Figure 7-3 shows the functional timing for a fast
page mode read cycle. This also shows how
certain parameters for various control signals
can be adjusted to meet the access time require-

RAS |PDI31:0]

> 1ST 2 MBYTES

MA[9:0]
86CME5

RAM CONTROL

RAS PD[63:32] J
ARSI ~—2ND 2 MBYTES

M4aMB

Figure 7-2. 512Kx32 DRAM Configurations
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ments of a variety of DRAMs. Bits 1-0 of CR68
allow the pulse widths of the CAS and OE signals
to be adjusted. Bit 2 of CR68 and bit 15 of
MMB1EC allow adjustment of the RAS low time.
Bit 3 of CR68 and bit 16 of MMB1EC allow adjust-
ment of the RAS precharge (high) time. The set-
tings in CR68 can be made by power-on
strapping of PD[23:16] at reset. All settings can
be changed by programming after reset.

T3 T4

T1 T2
MCLK
SEENOTE1 -

|

|

RAS

TS

Figure 7-4 shows the functional timing for a fast
page mode write cycle. The RAS and CAS signals
can be adjusted as explained for the read cycle
above. The WE can be delayed via bits 4-3 of
CR6F.

Figure 7-5 shows the functional timing for a fast
page mode write follwing a read cycle. This is a
1-wait state cycle.

T6 T7 T8 T9 T10

_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_U—\__

|*—— SEENOTE2 —

;

-— LATCHING

CAS

)

MA[8:0]

R X

SEE NOTE’
COLUMN ) XX ,0:0:0:0:0:0}:03030

JAVAN

COLUMNJ(

J
1

\

EN AN

SEE NOTE;3

PD[63:0]

XY IAIRRIIIIIIRLKAAKGK, DATA

DATA

Figure 7-3. Fast Page Mode Read Cycle

Notes

1. The minimum RAS precharge time can be adjusted from 2.5 to 3.5 MCLKs via CR68_3, to 1.5
MCLKs via MMB1EC_16, and reduced by 0.5 MCLK via CR58_7.

2. This figure shows a RAS low time for a single column access of 3.5 MCLKs. (The dashed line
shows the RAS signal if the second page mode cycle were to be eliminated.) This RAS active
time can be changed to 4.5 MCLKs via CR68_2 or to 2.5 MCLKs via MM81EC_15 and increased

by 0.5 MCLK via CR58_7.

3. The CAS and OE active (low) times can be stretched via bits 1-0 of CR68.
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Figure 7-4. Fast Page Mode Write Cycle

Notes

1. The minimum RAS precharge time can be adjusted from 2.5 to 3.5 MCLKs via CR68_3, to 1.5
MCLKs via MMB81EC_16, and reduced by 0.5 MCLK via CR58_7.

2. This figure shows a RAS low time for a single column access of 3.5 MCLKs. (The dashed line
shows the RAS signal if the second page mode cycle were to be eliminated.) This RAS active
time can be changed to 4.5 MCLKs via CR68_2 or to 2.5 MCLKs via MM81EC_15 and increased
by 0.5 MCLK via CR58_7.

3. The CAS active (low) time can be stretched via bits 1-0 of CR68 and the WE active time delayed
via bits 4-3 of CR6F.
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Figure 7-5. Fast Page Write Following a Read Cycle
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If EDO memory is used, the 86CM65 must be
configured for 1-cycle operation (CR36_3-2 =
11b). However, the 86CM65 will not always initi-
ate 1-cycle operation. Some operations, such as
linear addressing (direct CPU accesses to the
frame buffer) are always done using 2-cycle EDO
accesses.

T T2 T3 T4

T5

Figure 7-6 shows the functional timing for a 2-cy-
cle EDO mode read cycle. One difference be-
tween an EDO read cycle and a fast page mode
read cycle is that EDO memory holds the data
valid longer, allowing it to be latched one cycle
later (rising edges of T8 and T10). This allows the
use of slower access time memory or a faster
MCLK. Therefore, the last page access (or first for
a single access) is one MCLK longer. Note that

T6 T7 T8 T9 T10

|~— SEENOTE1 —|+— SEENOTE2  —
RASO J \ /
cAs i\
N SEE NOTE 3 ~

ool TN mow X o X__couomn Y00

OEo \ SEE NOTE 3 75,,"
PD[63:0] DATA X DATA m

«— LATCHING —| "™
Figure 7-6. 2-cycle EDO Mode Read Cycle
Notes

1. The minimum RAS precharge time can be adjusted from 2.5 to 3.5 MCLKs via CR68_3, to 1.5
MCLKs via MM81EC_16, and reduced by 0.5 MCLK via CR58_7.

2. This figure shows a RAS low time for a single column access of 3.5 MCLKs. (The dashed line
shows the RAS signal if the second page mode cycle were to be eliminated.) This RAS active
time can be changed to 4.5 MCLKSs via CR68_2 or to 2.5 MCLKs via MM81EC_15 and increased
by 0.5 MCLK via CR58_7.

3. The CAS and OE active {low) times can be stretched via bits 1-0 of CR68.
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Figure 7-7. 2-cycle EDO Write Following a Read Cycle

RAS, the last CAS and OE are all stretched the
extra MCLK and OE is held low for the entire cycle
instead of being pulsed as in a fast page mode
cycle.

The timing adjustments for RAS and for
CAS/OE/WE as described above for a fast page
mode read cycle also apply to EDO cycles. Note
that if the minimum RAS active time is specified
as 3.5 MCLKs, the actual minimum for a single

EDO read cycle will be 4.5 MCLKs.

A 2-cycle EDO write cycle is functionally the same
as a fast page mode write cycle.

Figure 7-7 shows the functional timing for an
EDO mode write following a read cycle. Since

read data is latched later than for a fast page
mode cycle, there is less time available between
the read and write.
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The functional timing for 1-cycle EDO reads and
writes is provided by Figure 7-8. The DRAM
drives valid read data after the CAS falling edge
in T5. The chip latches the data on the next falling
CAS edge. Note that a dummy cycle is required
at the end to latch the last read. Write data is

latched by the DRAM on the falling edge of CAS..

No dummy cycle is required, so RAS rises one
cycle earlier than shown in Figure 7-8 and the last
CAS shown in the figure does not occur.

Figure 7-9 shows a write following a read cycle
with 1-cycle EDO operation. A dummy cycle is
added between the read and write.

T1 T2 T3 T4

T6 T7 T8 T9

ms _| \

—

CAS

(WAWAWAWES

MA[8:0
MBEB:O} W ROw

X COL1 XEOL 2 XCOL 3 XDUMM%

OE

—

— .
s X T XD

WE

—

potsa:0) (R RRRRRRRGRAK wr 1 X w2 X was XEEEEEEEEK

SCEDORW

Figure 7-8. 1-Cycle EDO Mode Read/Write
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Figure 7-9. 1-cycle EDO Write Following a Read Cycle
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7.4 DISPLAY MEMORY ACCESS
CONTROL

A number of processes compete for access to
display memory. These competing processes are
(in decreasing order of access priority):

e  Font fetch (text mode)

e  Primary Stream high (N parameter)

e  Secondary Stream high (N parameter)
. DRAM refresh

e  Controller 2 high

e  STN read high

e  STN write high

e  Hardware cursor fetch

e  Hardware icon

e  LPB writes (M parameter)

e  CPU accesses (M parameter)

¢  Graphics Engine accesses (M parameter)
. Primary Stream low (N parameter)

e  Secondary Stream low (N parameter)
e  Controller 2 low

e STNread low

e  STN write low

The processes with high and low priorities have
associated threshold register fields (MM81EC,
bits 14-10 and 9-5, SR29). If the current FIFO slots
empty count is equal to or above the threshold
level for a process, that process is given its low
priority. Once the threshold is passed, the proc-
ess is given its high priority.

The primary and secondary stream processes are
responsible for screen refreshing and are associ-
ated with the N parameter. N parameters are
provided for the following:

Primary Stream - CR60_7-0
Secondary Stream - CR72_7-0
Controller 2 - CR73_6-0

STN -CR75_7_0

RAM refresh and hardware cursor fetch occur
during blanking when FIFO fetches are not occur-
ring. (RAM refresh can also occur outside of the
blanking interval.) The other processes are asso-

ciated with the M parameter (CR54_2, 7-3 for the
CPU and Graphics Engine, CR76_5-0 for the LPB).
Note that these are not the same as the PLL M
and PLL N parameters used to specify the clock
synthesizer frequencies.

When the 86CM65 transfers data from display
memory to the primary or secondary stream
FIFO, the N parameter specifies the number of
MCLKs available for FIFO filling before memory
control is given up for M parameter processes.
Note that this parameter is only effective when
both FIFO threshold values are equal to or above
the threshold level and therefore have low prior-
ity. Because of this, the FIFO threshold values
have by far the greatest effect on performance.
The N and M parameter settings will normally
have little effect and can be left at their initial
BIOS settings.

When N is effective and when N MCLKs have
been used or the FIFO is filled, whichever comes
first, the 86CM65 then allows the other display
memory processes access to memory. Filling of
the FIFO also stops at the end of active display.
FIFO filling cannot begin again until the scan line
position defined by the Start Display FIFO regis-
ter (CR3B), which is normally programmed with
avalue 5 less than the value programmed in CRO
(horizontal total). This provides time during the
horizontal blanking period for RAM refresh and
hardware cursor fetch.

The M parameter specifies the number of MCLKs
available for the processes shown in the bullet
list above. When this number of MCLKs has oc-
curred, memory control is returned for FIFO fill-
ing. If during the processing period controlled by
the M parameter there is time when there are no
memory access requests and the M value has not
been reached, control is immediately returned to
FIFO filling as specified by the N parameter.

Note that the M and N parameters should only
be changed with the screen turned off. This is
done by setting bit 5 of SR1 to 1.
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Section 8: Clock Synthesis and Control

The 86CM65 contains two phase-locked loop
(PLL) frequency synthesizers. These generate the
DCLK (video clock) and MCLK (memory clock
signals for the graphics controller block.

8.1 CLOCK SYNTHESIS

Each PLL scales a single reference frequency
input on the XIN pin. By placing a parallel-reso-
nant crystal between the XOUT output pin and
the XIN pin, the reference frequency is generated
by the 86CM65’s internal oscillator. Alternately,
a CMOS-compatible clock input can be con-
nected to XIN to provide the reference frequency.

The frequency synthesized by each PLL is deter-
mined by the following equation:

(M2)

W X fREF

four=

whereR=0,1,20r3

Programmed PLL M and PLL N values should be
consistent with the following constraints:

(MH2)faer

1. 136MH:z< (N+2)

< 270MHz

2.minN2>1

Note that values used for the parameters are the
integer equivalents of the programmed value. In
particular, the R value is the code, not the actual
frequency divisor.

The PLL M value can be programmed with any
integer value from 1 to 127 for MCLK and 1 to 255
for DCLK. The binary equivalent of this value is
programmed in bits 6-0 of SR11 for the MCLK and
in bits 7-0 of SR13, SR22 or SR24 for the DCLK.
The PLL feedback loop frequency from the volt-
age controlled oscillator stage is scaled by divid-
ing that frequency by (M+2).

The PLL N value can be programmed with any
integer value from 1 to 31 for MCLK or 1 to 63 for
DCLK. The binary equivalent of this value is pro-
grammed in bits 4-0 of SR10 for the MCLK and in
bits 5-0 of SR12, SR21 or SR23 for the DCLK. The
reference frequency is divided by (N+2) before
being fed to the phase detector stage of the PLL.

The PLL R value is a 2-bit range value that can be
programmed with any integer value from 0 to 3.
The R value is programmed in bits 6-5 of SR 10
for MCLK and bits 7-6 of SR12, SR21 or SR23 for
DCLK. This value codes the selection of a fre-
quency divider for the PLL output. This is shown
Table 8-1.

Table 8-1. PLL R Parameter Decoding

R-Range Code | Frequency Divider
00 1
01 2
10 4
11 8

The entire PLL block diagram is shown in Figure
8-1.
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Figure 8-1. PLL Block Diagram

The following sequence may be followed to ar-
rive at M and N values for any mode.

1. Calculate an R which does not violate the
following constrains:

135 MHz< 2Pxfour < 270MHz
2. Start with N1 = 1 and calculate:

four x (N+2) 2R

M=t fRer 1-2

3. Determine if the following constraint is met:

0.995 fow<% < 1.005 four

4. If the constraint in step 3 is met, the M and
N values used will generate the desired
frequency (within the specified tolerance).
If the constrain is not met, repeat steps 2
and 3 with N increased by 1 each time un-
til the constraint in step 3 is met. Note that
multiple combinations of M and N are pos-
sible for a given output frequency.

8.2 CLOCK REPROGRAMMING

If 3C2_3-2 = 00b, the DCLK PLL parameters are
taken from SR22 and SR23. The default values
generate a frequency of 25.125 MHz. This is the
DCLK frequency generated at power on to sup-
port standard VGA operation.

If 3C2_3-2 = 01b. the DCLK PLL parameters are
taken from SR24 and SR25. The default values
generate a frequency of 28.322.

For Enhanced mode operation, 3C2_3-2 are pro-
grammed to 11b and the DCLK PLL values are

taken from SR12 and SR13. No default values are
defined for these registers.

New DCLK PLL parameter values can be pro-
grammed at any time. They can be loaded in one
of two ways. If bit 5 of SR15 is cleared to 0, the
new DCLK frequency is loaded by setting bit 1 of
SR15 to 1. Bit 1 of SR15 should be left at a value
of 1. Actual loading will be delayed for a short but
variable period of time.

The alternate approach to loading the new DCLK
frequency is to toggle bit 5 of SR15 by program-
mingittoa 1andthen a0. Thisimmediately loads
the DCLK (and MCLK} frequencies (no variable
delay). For example, pseudocode to change
DCLK to the frequency specified by PLL parame-
ter values of 34H and 56H is:

3C2 & 6FH ; DCLK specified by
; SR12 and SR13

3C4 & 12H ; SR12 index

3C5 & 34H ; SR12 PLL value

3C4 & 13H ; SR13 index

3C5 & 56H ; SR13 PLL value

3C4 < 15H ; SR15 index

3C5 & RMW ; Use read/modify/write to
; set bit 5 to 1 and leave
; other bits unchanged

3C5 <& RMW Use read/modify/write to

leave other bits
; unchanged

; clear bit 5 to 0 and

Either ioading approach shouid work. The sec-
ond (immediate loading) approach helps with
system testing since the timing of the load is
predictable. The first approach (via bit 1 of SR15)
has the advantage of separating the loading of
DCLK from that of MCLK.

8-2 CLOCK SYNTHESIS AND CONTROL
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After power-up, all MCLK frequency changes
must be made by re-programming SR10 and
SR11. If bit 5 of SR15 is cleared to 0, the new
frequency does not take effect until a 1 has been
written to bit 0 of SR15. This bit must then be
cleared to 0 to prevent repeated loading. Actual
loading will be delayed for a short but variable
period of time.

As explained above for DCLK, toggling bit 5 of
SR15 (0,1,0) immediately loads both the DCLK
values in the register pair selected by 3C2_3-2
and the MCLK values in SR10 and SR11.

8.3 CLOCK SELECTION AND
CONTROL

MCLK is used to drive the memory interface and
Graphics Engines. It normally is the MCLK gen-
erated by the internal clock synthesizer. How-
ever, other clocks can be used as well as shown
in Figure 8-2. SR27_3-0 are programmed to make
the selection.

DCLK is generated by the internal clock synthe-
sizer. DCLK1 is the pixel rate associated with the

controller 1 path. This is the path that includes
the Streams Processor. DCLK2 is the pixel rate
associate with the controller 2 path. How these
are derived is shown in Figure 8-2. The first MUX
selection is made via SR28_3-2 and the second
via SR28_7-4.

Bit 0 of CR67 provides the option to invert DCLKA.

In color mode 8, the internal RAMDAC requires
two clocks. The normal internal DCLK frequency
is divided by two via bit 4 of SR15 to provide the
standard pixel clock input. Undivided DCLK1 pro-
vides the other input. This clock can be inverted
via bit 6 of SR15.

Certain 4 bits/pixel modes require that DCLK1 be
halved. This is done with bit 6 of AR10 set to 1
and bit 4 of CR3A cleared to 0 and is enabled by
setting bit 4 or SR15 to 1.

DCLK —»|
MCLK —
SCLK ——» IMCLK/2
IMCLK/3 MCLK
IMCLK/4
DCLK ——»
MCLK —»|
SCLK —»
IDCLKA/2 —»{ CLOCK
IDCLKA/3 —» _MUX DCLK1 (CONTROLLER 1 PATH)
IDCLKA/4 —»
DCLK —i IDCLKB
MCLK ——»
SCLK MUX IDCLKB/2 —» CLOCK
IDGLKB/3 —»| MUX DCLK2 (CONTROLLER 2 PATH)
IDCLKB/4 —»
CLKSEL

Figure 8-2. Clock Selection
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Section 9: Streams Processor

The S3 Streams Processor processes data from
the graphics frame buffer, composes it and out-
puts the result to the internal DACs for generation
of the analog RGB outputs to the monitor. The
general data flow is shown in Figure 9=1. Note
that the DAC shown in this figure is inside the
86CM65.

9.1 INPUT STREAMS

The processor can compose data from up to 4
independent streams as shown in Figure 9=1.

1. Primary Stream - RGB graphics data

2. Secondary Stream - RGB or YUV/YCbCr
(video) data from another region within
the frame buffer

3. Hardware Icon - 64x64x4 (or 128x128x2).

4. Hardware Cursor - 64x64x2 cursor, either
Microsoft or X-11 definition.

Regardless of the input formats, the Streams
Processor creates a composite RGB-24 (8.8.8)
output to the DACs. This means that, for exam-
ple, RGB-8 pseudo-color graphics data can be
overlaid with true-color-equivalent (24 bits/pixel)
video data. The result is improved video quality
and/or reduced memory bandwidth require-
ments as compared with systems that require
both graphics and video to be stored in the same

GRAPHICS
FRAME BUFFER
GRAPHICS BUFFER 0 N .
s DK
CgE
GRAPHICS BUFFER 1 |— v Aly D
Lo
\ 1PN c
| N & G
SPRITE/VIDEO 0 .
Gg
v
SPRITE/VIDEO 1
HARDWARE STREAMS PROCESSOR
ICON AND CURSOR

Figure 9-1. Streams Processor
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frame buffer format. In certain modes, the
Streams Processor also saves memory band-
width by eliminating the need to save and restore
the overlay background since the background
(primary stream) is never overwritten in the
frame buffer.

Streams Processor support is not available for
clock-doubled 8 bits/pixel modes, interlaced
graphics modes and standard VGA modes except
for modes D, E, 10, 12 and 13.

Bits 3-2 of CR67 specify the Streams Processor
mode of operation. If they are cleared to 00b,
Streams Processor operation is disabled. They
are programmed to 01b when the primary stream
is VGA mode D, E, 10, 12 or 13 (the only sup-
ported modes). A secondary stream can be over-
laid on the primary stream. CR67_3-2 are set to
11b to support an Enhanced mode primary
stream and a secondary stream.

9.1.1 Primary Stream Input

The primary stream is generated by reading the
RGB pixel data written to the frame buffer by the
graphics controller. The format for this data can
be any of the following as selected via bits 26-24
of MM8180.

. RGB-8 (Although not shown in Figure 1,
the frame buffer data is first passed
through the internal RAMDACS color
lookup table (CLUT), where it is palet-
tized before being passed to the
Streams Processor.

e KRGB-16 (1.5.5.5) - The K bit is the color
key.
o RGB-16 (5.6.5)

e XRGB-32(X.8.8.8) - X is the ignored up-
per byte.

9.1.2 Secondary Stream Input

The secondary stream is generated by reading
pixel data from a separate section of the frame
buffer than that used to generate the primary
screen. This might be RGB data written by the
graphics controller, such as a sprite used by
game programmers for moving objects. It could

also be RGB, YUV or YCbCr data written to the
frame buffer by some video source (CPU, de-
coder, digitizer). The format for this data can be
any of the following as selected via bits 26-24 of
MMB8190.

e  YCbCr-16 (4.2.2), 16 - 240 input range
e  YUV-16 (4.2.2), 0 -255 input range

e KRGB-16 (1.5.5.5) - The K bit is the color
key.

e YUV(2.1.1)
e RGB-16(5.6.5)

o XRGB-32(X.8.8.8) - X is the ignored up-
per byte.

The data can be passed through unscaled or
scaled up horizontally and vertically by an arbi-
trary amount. YCbCr/YUV data is color space
converted and all data is converted to RGB-24
(8.8.8) format.

9.1.3 Hardware Icon and Cursor
Generation

Hardware icon and cursor generation is ex-
plained in Section 16. The icon overlays every-
thing but the cursor. The cursor overlays all other
image sources.

9.1.4 Frame Buffer Organization/
Double Buffering

For each stream to be used, the starting location
(offset) in the frame buffer and the stride (byte
offset between vertically adjacent pixels on the
screen) must be specified. Both the primary and
the secondary streams can be double buffered as
depicted in Figure 9=1. This means that duplicate
frame buffer storage can be provided for both the
primary and secondary image (or for either one
ofthem). With double buffering, the programmer
can rapidly switch from one primary or secon-
dary image to the other. In addition, having two
images allows more time for updating one image
while the other is being displayed. Defining the
frame buffer organization and implementing
double buffering are done via the register fields
described in Table 4-1. LPB stands for Local Pe-

ripheral Bus.
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Table 9=1. Register Fields Used For Specifying Frame Buffer Organization and Double Buffering

Register Field

Description

MM81C0_21-0

Primary Display Buffer Address 0. This is the starting address (offset) in the
frame buffer for 1 primary graphics image.

MM81C4_21-0

Primary Display Buffer Address 1. This is the starting address (offset) in the
frame buffer for a second primary graphics image.

MM81C8_11-0

Primary Stream Stride. This is the byte offset in the frame buffer from a pixel in
a given primary image display line to the pixel directly below it on the next
display line. The stride must be the same for both primary buffers.

MM81CC_0

Primary Stream Buffer Select

0 = Primary frame buffer starting address 0 (MM81C0_21-0) used for primary
stream

1 = Primary frame buffer starting address 1 (MM81C4_21-0) used for primary
stream

MM81CC_2-1

Secondary Stream Buffer Select

00 = Secondary frame buffer starting address 0 (MM81D0_21-0) used for the
secondary stream

01 = Secondary frame buffer starting address 1 (MM81D4_21-0) used for the
secondary stream

10 = Secondary frame buffer starting address 0 (MM81D0_21-0) used for the
secondary stream and LPB frame buffer starting address 0 (MMFFOC_21-0)
used for the LPB input stream OR secondary frame buffer starting address
1(MM81D4_21-0) used for the secondary stream and LPB frame buffer
starting address 1 (MMFF10_21-0) used for the LPB input stream. Which
alternative applies is determined by LPB starting address register selected
by bit 4 of this register.

11 = Secondary frame buffer starting address 0 (MM81D0_21-0) used for the
secondary stream and LPB frame buffer starting address 1 (MMFFOC_21-0)
used for the LPB input stream OR secondary frame buffer starting address
1 {MM81D4_21-0) used for the secondary stream and LPB frame buffer
starting address 0 (MMFF10_21-0) used for the LPB input stream. Which
alternative applies is determined by the LPB starting address register
selected by bit 4 of this register.

MMB81CC_4

LPB Input Buffer Select
0 = LPB frame buffer starting address 0 (MMFFOC_21-0) used for LPB input
1 = LPB frame buffer starting address 1 (MMFF10_21-0) used for LPB input

MM81CC_5

LPB Input Buffer Select Loading

0 = The value programmed in bit 4 of this register takes effect immediately

1 =The value programmed in bit 4 of this register takes effect at the end of the
next frame (completion of writing all the data for a frame into the frame
buffer)

MM81CC_6

LPB Input Buffer Select Toggle

0 = End of frame (completion of writing all the data fro a from into the frame
buffer) has no effect on the setting of bit 4 of this register

1 =End of frame causes the setting of bit 4 of this register to toggle

STREAMS PROCESSOR 9-3
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Table 9=1. Register Fields Used For Specifying Frame Buffer Organization and Double Buffering

(continued)

Register Field | Description

MM81CC_7 Dropped Frame Writing
frame buffer

the frame buffer

0 = The dropped frames specified in bits 10-8 of this register are written to the

1= The dropped frames specified in bits 10-8 of this register are not written to

MMB81CC_10-8| Frame Dropping

to the frame buffer.

Value = 1 less than the number of frames to drop between captured frames

Bit 7 of this register determines whether or not the dropped frames are written

MM81D0_21-0

Secondary Display Buffer Address 0. This is the starting address (offset) in the
frame buffer for 1 secondary graphics or video image.

MM81D4_21-0

Secondary Display Buffer Address 0. This is the starting address (offset) in the
frame buffer for a second secondary graphics or video image.

MM81D8_11-0

Secondary Stream Stride. This is the byte offset in the frame buffer from a
pixel in a given secondary image display line to the pixel directly below it on
the next display line. The stride must be the same for both secondary buffers.

MMFFOC_21-0

LPB Frame Buffer Address 0. This is the starting address (offset) in the frame
buffer for one image buffer into which is written data from the LPB. The
secondary stream can be generated from this buffer.

MMFF10_21-0

LPB Frame Buffer Address 1. This is the starting address (offset) in the frame
buffer for a second image buffer into which is written data from the LPB. The
secondary stream can be generated from this buffer.

- MM81CC_6

LPB Input Buffer Select Toggle

0 = End of frame (completion of writing all the data fro a from into the frame
buffer) has no effect on the setting of bit 4 of this register

1= End of frame causes the setting of bit 4 of this register to toggle

The secondary stream can be generated from
data written to the frame buffer via the LPB when
LPB mode is enabled. In this case, the Secondary
Display Buffer Address 0 and the LPB Frame
Buffer Address 0 will normally be the same, as
will the Address 1’s for both the secondary
stream and the LPB input if double buffering is
used. The various LPB control bits described in
Table 9=1 allow complete hardware control of the
capture and display of video data using either
single or double buffering.

IDIIT D
9-2 =l r r

Different processing options are available for the
primary and secondary input streams. These are
explained next.

9.2.1 Primary Stream Processing

The primary stream input RGB format is con-
verted (if required) to RGB-24 (8.8.8) format. Each
color byte is padded as required with low order
zeros. After this conversion, the data can be
passed through unscaled or scaled up horizon-
tally and vertically by a factor of 2 via bits 30-28
of MM8180. For MM8180_30-28 = 001, horizontal
scaling is done via replication. If these bits are
programmed to 010, horizontal scaling is done
using interpolation. Vertical scaling is automatic
and uses line replication. The 2x scaling aiiows a
320x240 image (as used by many games) to be
displayed at a full-screen 640x480 resolution.
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9.2.2 Secondary Stream Processing

The secondary stream input format is converted
(if required) to RGB-24 (8.8.8) format. For
YUV/YCbCr inputs, the required color space con-
version is automatically performed. Before con-
version, the data can be passed through unscaled
or scaled up horizontally and/or vertically by ar-
bitrary factors. Horizontal scaling uses filtering
for interpolation. Vertical scaling uses line repli-
cation. The register fields involved in scaling up
the secondary stream are described in Table 9=2.
Figure 9=2 graphically describes the various
fields. .

For example, assume a 10x10 window that is to
be scaled up horizontally by a factor of 2.5. The
filter characteristics are set for bi-linear (2x to 4x
stretch). The starting line width is 10 pixels and
the ending line width is 25 pixels. The DDA hori-
zontal accumulator initial value is 2 (10-1) - (25-1)
= -6. The K1 horizontal factor is 10-1 = 9. The K2
horizontal factor is 10-25 = -15. Programming
these parameters with these values results in a
2.5x horizontal stretch for the secondary stream
window.

SCREEN START X0
(MM81F0_26-16)

9.3 COMPOSITION/OUTPUT

A variety of output types can be composed from
the streams described above. The compose
modes are:

1. MMB81A0_26-24 = 000b - Secondary stream
overlaid on the primary streaminan
opaque rectangular window. This is the
default mode and can be used, for exam-
ple, for a video window overlaying the
graphics screen. Note that this mode will
not work for the case where the user
needs to pull down a graphics window
over the video since the graphics window
is defined as being under the video win-
dow. Color keying (number 5 in this list)
must be used for this purpose.

2. MM81A0_26-24 = 001b - Primary stream
overlaid on the secondary stream in an
opaque rectangular window. This could
be used, for example, to provide graphics
captions for a video window. The video is
not visible behind the rectangular graph-
ics window.

WINDOW START X1
(MMB81F8_26-16)

»| xixo |&

< WINDOW WIDTH WO >
BEFORE SCALING

—>
>

INDOW HEIGHT HO
BEFORE SCALING

W

¢

"—

WINDOW WIDTH W1 AFTER
SCALING (MM81FC_26-16)

WINDOW HEIGHT H1 AFTER
SCALING (MM81FC_10-0)

—>

o o

Figure 9-2. Screen Definition Parameters
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Table 9=2. Register Fields Used For Scaling Up the Secondary Stream

Register Field

Description

MM8190_30-28

Filter Characteristics

000 = Secondary stream (pass-through)

001 = Secondary stream, linear, 0-2-4-2-0, for X stretch
010 = Secondary stream, bi-linear, for 2X to 4X stretch
011 = Secondary stream, linear, 1-2-2-2-1, for 4X stretch

This selection applies only to horizontal scaling.

MM8190_11-0

scaling. This is a signed value.

DDA Horizontal Accumulator Initial Value. Value = 2 (W0-1) - (W1-1), where
WO is the line width in pixels before scaling and W1 is the line width after

MM8198_10-0,

scaling. This is a signed value.

K1 Horizontal Factor. Value = W0-1, where WO is the line width in pixels before

MM8198_26-16

K2 Horizontal Factor. Value = W0-W1, where WO is the line width in pixels
before scaling and W1 is the line width after scaling. This is a signed value.

MMB81E0_10-0,

K1 Vertical Factor. Value = [height (in lines) of the initial output window
(before scaling)] -1. The initial output window height is the vertical resolution
of the data written to the frame buffer and is shown as HO in Figure 9=2.

MM81E4_10-0,

(after scaling)]

K2 Vertical Factor. Value = 2's complement of [height (in lines) of the initial
output window (before scaling)] - [height (in lines) of the final output window

The initial output window height is the vertical resolution of the data written
to the frame buffer and is shown as HO in Figure 9=2. The final value is the
same height value that is programmed in MM81FC_10-0 and is shown as H1 in
Figure 9=2. This value is then the 2's complement of (H1 - HO).

MMB81E8_11-0, | DDA Vertical Accumulator Initial Value. Value = 2's complement of [height (in
lines) of the output window after scaling] -1. This is the same height value that
is programmed in MM81FC_10-0 and is shown as H1 in Figure 9=2.

3. MM81A0_26-24 = 010b - Secondary stream 6. MM81A0_26-24 = 110b - Primary stream

blended with the primary stream on a
pixel by pixel basis within the secondary
stream window. This is used to provide a
dissolve between two scenes.

. MMB81A0_26-24 = 011b - Secondary stream

blended with the primary stream on a
pixel by pixel basis within the secondary
stream window. This is used to provide a
fade between two scenes.

. MM81A0_26-24 = 101b - Secondary stream

overlaid on the primary stream in an ir-
reguiar window. This requires a coior key.
This would be used, for example, for
game sprites. Only the graphics area be-
hind the sprite shape would be covered
up.

overlaid on the secondary stream in an ir-
regular window. This requires a
color/chroma key. This case allows, for ex-
ample, graphics text to overlay video with
the video appearing around and even in-
side of the text characters.

9.3.1 Opaque Rectangular
Overlaying

These modes are items 1 and 2 in the compose
modes list. When one of these modes is used, the
programmer can invoke a feature called opaque
overlay control. This is enabled by setting
MMB81DC_31 to 1. If MM81A0_26-24 = 000b (sec-

ondary stream on top), then MM81DC_30 must

STREAMS PROCESSOR
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be cleared to 0 to also specify secondary stream
on top. Similarly, If MM81A0_26-24 = 001b (pri-
mary stream on top), then MM81DC_30 must be
set to 1to also specify primary stream on top. The
next step is to define when to stop fetching pixels
for a line from memory and when to restart
fetching them. The goal is to not fetch those
pixels in the background window that are cov-
ered up by the opaque rectangular overlay win-
dow, thus saving memory bandwidth.

The first pixel that does not need to be fetched is
at horizontal position X1 shown in Figure 10-2.
This is programmed in MM8158_26-16. The start-
ing pixel position for the background (X0) is
programmed in MM81F0_26-16. The difference
(X1 - X0) must be converted into quadwords and
then programmed in MM81DC_12-3. The value is
(X1 - X0) x bytes per pixel/8. If the result is a
fraction, it is rounded up to the next highest
integer to ensure that the first pixel not fetched
in inside the opaque overlay window. Note that
if the secondary stream is in the background,
then the value is (X0 - X1) x bytes per pixel/8,
again rounded up.

Pixel fetching must start again before or at the
last pixel position of the opaque overlay window.
Using the terms in Figure 10-2, this position is (X1
- X0) + W1, with W1 programmed in MM81FC_26-
16 (secondary stream is on top). Converting to
quadwords, the value is [(X1 - X0) + W1] x bytes
per pixel/8. If the result is a fraction, the result is
truncated to the next lowest integer (minus 1)
and programmed in MM81DC_28-19. Note that if
the secondary stream is in the background, then
(X0 - X1) is used and W1 is the value in
MMB81F4_26-16 (primary stream is on top).

Opaque overlay control cannot be used with key-
ing or blending and should never be enabled
when one of these modes is being used.

9.3.2 Blending

These modes are items 3 and 4 in the compose
modes list. The blender accepts the primary and
secondary pixel streams and blends them with
an arithmetic weighting. The result is then over-
laid with the cursor stream. Both blender inputs
are RGB 8.8.8 from the outputs of the primary
stream interpolator and secondary stream color

space converter. Note that blending makes sense
only when both streams are defined. In addition,
when blending is selected, the concept of back-
ground/foreground or top and bottom window
has no meaning.

Two types of blending are provided: dissoive and
fade. :

When dissolve is chosen, the output pixels are
generated using the following equation:

[Pp x Kp + Ps x (8 - Kp))/8

Pp and Ps are the primary and secondary stream
pixel colors respectively, both RGB 8.8.8. Kp is
the primary stream weighting factor. It is a 3-bit
value programmed in MM81A0_12-10. This
weight value is applied to each of the three color
values for the pixel. If Kp = 0, only the secondary
stream is displayed. As Kp is increased, more of
the pixel color from the primary stream is
blended into output. At the maximum (Kp =7 or
111b), 7/8ths of the color will be due to the pri-
mary stream and 1/8th will be due to the secon-
dary stream. Therefore, by starting with the
primary stream only, then overlaying the secon-
dary stream with Kp values decreasing from 7 to
0, the overlay window can be dissolved gradually
from primary stream to secondary stream. Note
that when the Kp value is reprogrammed, its new
value does not take effect until the next VSYNC,
so it can be reprogrammed during frame display
without disruptive effects.

When fade is chosen, the output pixels are gen-
erated using the following equation:

[Pp x Kp + Ps x Ks}/8, where Kp + Ks must be < 8.

Ks is the secondary stream weighting factor. It is
a 3-bit value programmed in MM81A0_4-2. This
weight value is applied to each of the three color
values for the pixel. Note that when fading is
selected, the default values for Kp and Ks (both
0) result in a color value of 0. As with Kp, when
the Ks value is reprogrammed, its new value
does not take effect until the next VSYNC.
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9.3.3 Color/Chroma Keying

These modes are items 5 and 6 in the compose
modes list. Keying is a way of selecting on a pixel
by pixel basis which stream will be displayed.
Color keying is used when the stream source is
in RGB format (graphics). This is always the case
for the primary stream. Chroma keying is used
when the stream source is YUV or YCbCr (video).
The secondary stream source can be either
graphics or video, so either color or chroma key-
ing might be used. If 81A0_26-24 (compose
mode) = 101b and MM8184_28 = 1, the color key
is compared with the primary stream pixel. If
there is a match, the corresponding secondary
stream pixel is displayed. If 81A0_26-24 = 110b
and MM8184_28 = 1, the color or chroma key is
compared with the secondary stream pixel. If
there is a match, the corresponding primary
stream pixel is displayed.

If the input format is KRGB-16 (1.5.5.5), selected
when MM8180_26-24 or MM8190_26_24 = 011b,
the most significant bit of each pixel value is used
as a color key as long as MM8184_28 is cleared
to 0. When the most significant pixel bitis a 0, the
other stream pixel is displayed.

For other RGB input types (as specified by
MM8180_26-24), a color key must be defined.
This is done by programming MM8184_23-0 with
a specific RGB 8.8.8 color value. MM8184_28
must be set to 1 to enable use of this value. The
number of bits to compare for each color is
specified in MM8184_26-24. If there is a color
match with the keyed stream pixel, the corre-
sponding other stream pixel is displayed.

If the secondary stream input format is YUV or
YCbCr, the chroma key is specified as a range of
color values. The lower bound value is defined in
MM8184_23-16. The upper bound value is de-
fined in MM8194_23-0. If the secondary stream
pixel color value falls within this range (inclusive
of the lower and upper bounds), the Streams
Processor displays the corresponding pixel from
the primary stream. If the secondary stream pixel
color is cutside this range, the secondary stream

pixel is displayed.

9.3.4 Window Location

The starting X,Y coordinates and window size for
the primary stream are specified in MM81F0 and
MMB81F4 respectively. The starting X,Y coordi-
nates and window size for the secondary stream
are specified in MM81F8 and MMB81FC respec-
tively. '

9.4 STREAMS FIFO CONTROL

The streams FIFO can be reconfigured to opti-
mize performance for various operating modes.
The FIFO is 24 8-byte slots deep. By program-
ming MM81EC_4-0, the FIFO can be reconfigured
to assign all 24 slots to either the primary or
secondary stream. Allocations of 16-8 and 12-12
slots between the two streams are also possible.
As an example, if only a primary stream is being
displayed, optimal performance is generated by
assigning all 24 FIFO slots to the primary stream.

No matter what the allocation, FIFO thresholds
must be specified for the primary and secondary
streams. This is done via MM81EC_16-12 for the
primary stream and MM81EC_10-6 for the secon-
dary stream. When the FIFO empties to the
threshold level, an internal signal is generated
requesting the memory controller to begin refill-
ing the FIFO. The programmed threshold levels
must never exceed the corresponding FIFO
depths. The optimal settings for the threshold
levels will be system and operating mode de-
pendent and will have to be determined by trial
and error.

9-8 STREAMS PROCESSOR
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Section 10: CRT/TV Interface

The 86CM65 provides analog RGB output to a
CRT or NTSC/PAL output to atelevision. Only one
ofthese modes can be active at atime. TV output
is selected when CR3D_0 = 1. If CR3D_0 = 0
(default), CRT output is generated. External logic
must direct the output to the appropriate device.

10.1 CRT OUTPUT

CRT analog RGB output (AR, AG, AB) is gener-
ated by three internal 8-bit DACs. For 8 bits/pixel
CRT modes, the DACs are fed by one of two
internal color look-up table (CLUT) RAMs. The
source CLUT for the DACs depends on the
CRT/flat panel output configuration, as explained

in the DuoView section of Section 11. Each CLUT
provides 256 6-bit words for each color. A clock
doubled mode is also provided for 8 bits/pixel
modes. A 24-bit CLUT bypass is provided for
15/16- and 24-bit color modes. A special
640x480x24 mode is provided to allow true color
operation with 1 MByte of memory. Figure 10-1
shows the internal block diagram for the DACs
and one of the CLUTs.

10.1.1 Operating Modes

Depending on the setting of CR67_3-2, the follow-
ing operating modes are available:

VREF  RSET COMP
)
- S R U
OFF PALIS:8] | nNTERNAL VREF DAC CoNTRoOL |
HIGH- AND TRUE-COLOR BYPASS
24 _—p L] »| RED | » AR
24 DAC .
—> 8 [GREEN '
RLUT L6 mux DAC > AG
r 2566 = ;
ADDRESS’ s [BLUE .
STREAMS anp lel LfGtutl e 18 pac | T > AB
PROCESSOR MASK 256X6 —
2 REG'S I i COMPARATOR
256X6 i
INTERNAL RAMDAC BLOCK
18 SENSE
DACELX

Figure 10-1. Internal RAMDAC Block Diagram
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Table 10-1 86CM65 Color Modes

Color CR67 MAX MAX
Mode | Bits74 |PABits| DCLK | Pixel Rate | Description
0 0000 7:0 80 MHz | 80 MHz 8-bit pseudo-color (CLUT) - Default
8 0001 16:0 |67.5 MHz| 135 MHz | Two 8-bit pseudo-color (CLUT)
9 0011 15:0 80 MHz | 80 MHz 15-bit high-color { CLUT Bypass)
10 0101 15:0 80 MHz | 80 MHz 16-bit high-color (CLUT Bypass)
12 0111 23:0 75 MHz | 25 MHz 640x480x24-bit packed (CLUT Bypass)
13 1101 23:.0 50 MHz | 50 MHz 24-bit true-color (CLUT Bypass)

e  Streams Processor Off
. Streams Processor On

e  Streams Processor On - secondary
stream overlaid on VGA Mode 13 back-
ground

With the Streams Processor off (CR67-3-1 = 00b),
data from the video FIFO (memory) is processed
by another 86CM65 module and then passed
directly to the RAMDAC. This mode is used for
those video modes not supported by the Streams
Processor. This includes all VGA modes except
modes D, E, 10, 12 and 13, all interlaced modes
and the clock-doubled 8 bits/pixel mode.

With the Streams Processor on (CR67_3-2 = 11b),
memory data is passed directly to the Streams
Processor. 8 bits/pixel (palettized) data is passed
directly to the RAMDAC, where it is interpreted
by the color look-up table and returned to the
Streams Processor as RGB666. This and other
input data types are converted to RGB888 (if
required) and then sent to the RAMDAC via the
high and true color bypass.

10.1.2 Color Modes

The 86CM65 internal RAMDAC provides 6 color
modes of the following 3 primary types:

1. 8 bits (low byte of the internal pixel address

1al L ~A
bug) are latched each pixe! clock and are

used to select a CLUT location.

2. 16 bits (low two bytes of the internal pixel
address bus) are latched each pixel clock.
These select two consecutive CLUT loca-

tions, the data from which is clocked out
to the DACs at twice the pixel clock rate.

3. 15 or 16 bits (lower two bytes of the inter-
nal pixel address bus) or 24 bits (all three
bytes of the internal address bus) are
transferred directly to the DACs each pixel
clock.

Each of the 6 color modes is listed in Table 10-1.
The desired mode is selected by programming
bits 7-4 of CR67.

10.1.2.1 8 Bits/Pixel - Mode 0

Mode 0 is selected by setting bits 7-4 of CR67 to
0000b. In this mode, the low 8 internal pixel
address bus bits are ANDed with the contents of
the Pixel Read Mask register (3C6H). The result
of the AND operation selects one of 256 CLUT
locations. This resulits in the output of 6 bits of
color information to each of the DACs.

10.1.2.2 Output-doubled 8 Bits/Pixel -
Mode 8

This mode is selected by setting bits 7-4 of CR67
to 0001b. In this mode, latching of pixel data from
the lower two bytes of the internal pixel data bus
is based on the pixel clock (VCLK) and output of
pixel data from the latches to the DACs is based

., TeY e BB e VIS L
on an internal clock running at twice the VCLK

rate. Either bit 4 or bit 6 of SR15 must be set to 1
when this mode is selected and bit 7 of SR18
must also be set to 1.

10-2 CRT/TV INTERFACE
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This mode processes two pixels per VCLK with a
maximum VCLK rate of 67.5 MHz. This results in
an effective pixel output clock rate of 135 MHz.

The internal pixel bus bits are ANDed with the
contents of the Pixel Read Mask register. The
result of the AND operation selects one of 256
CLUT locations. This results in the output of 6 bits
of color information to each of the DACs.

10.1.2.3 15/16-Bits/Pixel - Modes 9
and 10

These modes are selected by setting bits [7:4] of
CR67 to 0011b (15 bits/pixel) or 0101b (16
bits/pixel). In either case, one pixel is transferred
on the lower two bytes of the internal pixel bus
each VCLK cycle. This data is sent directly to the
DACs via the CLUT bypass.

10.1.2.4 Packed 24 Bits/Pixel- Mode
12

This mode is selected by setting bits 7-4 of CR67
to 0111b. Itis used for a resolution of 640x480x24.
Each pixel is stored in 24 bits of memory, allow-
ing operation with 1 MByte of memory. The in-
ternal hardware cursor can be used in this mode
but no acceleration is provided.

10.1.2.5 24 Bits/Pixel - Mode 13

This mode is selected by setting bits [7:4] of CR67
to 1101b. One pixel is transferred to the DACs
each VCLK cycle via the CLUT bypass. The byte
coding for the internal pixel address busis shown
in Figure 10-4.

10.2 RAMDAC REGISTER ACCESS

The standard VGA RAMDAC register set (3C6H -
3C9H) is used to access the internal DAC registers
and the two CLUTs. SR47_1-0 control the updat-
ing of the CLUTSs. If SR47_1-0 = 00b, CLUT1 and
CLUT2 are both enabled. A write will update both
CLUTs identically (mirroring). If SR47_1-0 = 01b,
a write will update only CLUT1. If SR47_1-0=10b,
a write will update only CLUT2.

10.3 RAMDAC SNOOPING

Setting bit 5 of the Command PCI configuration
space register (Index 04H) to 1 causes the
86CM65 to snoop for RAMDAC writes. This
means that the 86CM65 will write the data to its
local RAMDAC but will not claim the cycle by
asserting DEVSEL. This allows the ISA controller
to also generate a write cycle to a secondary
RAMDAC. The 86CM65 always provides the data
for RAMDAC reads.

If bit 5 of the PCI Command register is cleared to
0, the 86CM65 claims all RAMDAC read and write
cycles.

Bits 2-0 of CR34 allow handling of PCI master
aborts and retries to be individually enabled or
disabled during RAMDAC cycles.

If DAC snooping is enabled, the programmer
must ensure that SR47_1-0 are set correctly so
that the appropriate CLUT or CLUTs will be up-
dated.

10.4 SENSE GENERATION

The internal RAMDAC contains analog voltage
comparators. These drive the internal SENSE
signal active low whenever the output on any of
the AR, AG or AB pins exceeds 330 mV + 20%.
The state of this internal signal can be read via
bit 4 of 3C2H. This information can be used to
detect the existence and type of monitor
(color/mono) connected to the system.

10.5 TV OUTPUT

The AR and AG (analog red and green) outputs
can be programmed to output signals capable of
driving a TV monitor. This capability is enabled
by setting bit 0 of CR3D to 1. Controller 1 with
Streams Processor operation is automatically se-
lected as the source of data (via the TV encoder)
to the RAMDAC.

Any type of input data can be displayed on a TV.
If full intelaced output is desired, double buffer-
ing must be used as explained in the digitizer
section of the LPB section.
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The output types are controlled by CR3D_3-1 as
shown in the following table:

Table 10-2 TV Output Options

CR3D AG AR Notes
bits 3-1
x00 Luma Chroma S-Video

011 Comp Comp
111 Comp BB

As shown in Table 10-2, a single S-Video output
is available, with the luminance output on the AG
pin and the chromanance output on the AR pin.
Alternately, the single composite signal can be
output on both AG and AR or a blackburst (BB)
signal can replace the composite signal on the
AR pin. The black burst signal contains syncs,
BLANK and color burst information without ac-
tive video data and is useful for synchronization
when video editing.

Bit 5 of CR3D selects between NTSC (=0) and PAL
(= 1) output. Bit 4 selects between color (= 0) and
black and white (= 1) output.

10-4 CRT/TV INTERFACE
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Section 11: Flat Panel Interface

The 86CM65 supports a variety of color STN and
TFT flat panels. Flat panel display is enabled by
setting SR31_4 = 1. This section describes the
control and data interfaces for each type. Opera-
tion of a flat panel in conjunction with a CRT is
also described.

11.1 STN PANEL SUPPORT

STN panel support is selected when SR39_1-0 =
10b.

11.1.1 STN Panel Selection

The 86CM65 supports either a single-scan (SS-
STN) or a dual-scan (DD-STN) STN panel. The
type is selected via SR30_0 as follows:

0 = DD-STN panel
1 =SS-STN panel

When DD-STN panel operation is selected, frame
acceleration is automatically used in all modes of
operation. This means the panel will be refreshed
at twice the CRT rate. For example, if the flat
panel timing registers are programmed for a
refresh rate of 60 Hz, the actual refresh rate will
be be 120 Hz.

SR3D_2-0 define the pixel data bus size as fol-
lows:

000 = 16-bit STN
001 = 8-bit STN
010 = 24-bit STN

Pixel data is output on some combination of the
the FPDI[35:0] pins, depending on the pixel data

bus size. This is shown in Table 11-1. Note that
proper data output requires that SR3D_3 be pro-
grammed to 1.

11.1.2 STN Panel Timing

Functional timings for the data outputs of all the
STN panel configurations listed in Table 11-1 are
given in Figures 11-1 through 11-6.

11.1.3 STN Panel Control

Selection of an STN panel configures several
pins specifically for STN control.

The polarity of the flat panel data can be changed
to active low by programming SR32_4 to 1. The
drive strength of the panel data is specified via
SR3D-6. The drive strength for the clock is speci-
fied via SR3D_7.

The modulation (MOD) signal is output on pin
B15 for STN panels when SR34_7 = 1. The modu-
lation period is defined by SR34_6-0. SR35_4
selects the MOD clock. If MOD is not enabled, B15
outputs the FPDE display enable signal. The po-
larity of FPDE can be changed to active low by
programming SR32_5to 1.

Pin C4 provides the LP signal. The polarity of LP
can be changed to active low by programming
SR32_6 to 1.

Several controls are provided for LP and FPSCLK
during vertical blanking. FPSCLK is normally
stopped during non-display time by setting
SR40_5to 1. When SR3D_4 =0, LP will runduring
vertical blanking. Setting SR3D_4 to 1 disables LP

FLAT PANEL INTERFACE 11-1
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Table 11-1. STN Flat Panel Data Outputs

SR30_0 1 1 1 0 0 0
SR39_10 | 10 10 10 10 10 10
SR3D_2-0 | 001 000 010 010 000 010
Pin $S-STN | SS-STN | SS-STN | DD-STN | DD-STN | DD-STN
Name 8 16 24 8 16 24
FPDO RO RO RO LDO Lbo | LDo
FPD1 GO GO GO LD9
FPD2 BO B0 BO LD1 LD1 LD1
FPD3 R1 R1 R1

FPD4 G1 G1 G1 LD2 tb2 | Lb2
FPD5 B1 B1 B1

FPD6 R2 R2 R2 LD3 LD3 | LD3
FPD7 G2 G2 G2 LD10
FPDS B2 B2 LD4 | LDa
FPD9 R3 R3

FPD10 G3 G3 LD5 | LD5
FPD11 B3 B3

FPD12 R4 R4 LD6 | LD6
FPD13 G4 [ LD11
FPD14 B4 B4 D7 | LD7
FPD15 RS R5

FPD16 G5 | o8
FPD17 B5

FPD18 R6 uoo | ubo | ubo
FPD19 G6 uD9
FPD20 B6 ubt | ub1 | uD1
FPD21 R7

FPD22 G7 UD2 | uD2 | uD2
FPD23 B7

FPD24 UD3_ | UD3 | UD3
FPD25 uD10
FPD26 uD4 | UD4
FPD27

FPD28 UDs | UD5
FPD29

FPD30 UD6 | UD6
FPD31 uD11
FPD32 UbD7 | UD7
FPD33

FPD34 uD8
FPD35

11-2 FLAT PANEL INTERFACE
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during vertical blank. If SR3D_4 = 0 and SR3D_5
= 1, FPSCLK is disabled during the first line of
vertical blanking. If SR40_5 = 0, FPSCLK runs
continuously. FPSCLK can be delayed via
SR40_3-1.

Pin A3 provides the FLM (first line marker) signal.
The polarity of FLM can be changed to active low
by programming SR32_7 to 1.

Setting SR40_4 to 1 forces all flat panel data and
control signals to logic 0.

11.1.4 STN Frame Rate Control

Frame rate control (FRC) for STN panels is used
to display more grayscale levels than would nor-
mally be possible based on the 1 bit/color input.
Each color bit is turned on or off over a series of
frames to simulate intermediate colors.

T T2 T3 T4

Frame rate control is enabled automatically for
STN panels. The number of frames over which
bits are turned on or off to generate a single color
determines the number of grayscale levels and is
programmed in SR39_4-3 as follows:

00= 16 levels
01 =8levels
10 = Reserved
11 = Reserved

FRC weighting values are programmed via SR37
and SR38. SR3A, SR3B and SR3C are used to tune
the frame rate control for optimum quality. The
algorithms and techniques used are proprietary.

11.1.5 STN Panel Dithering

Dithering is used to increase the apparent num-
ber of colors displayed. This is enabled by setting
SR36_7-6 as follows:

T5 T6 T T8 T9

FPSCLK ’ \ ’ ~ ’ \ ’ ~ ’ \ , ~

FPDO x LRO

LG1 X LB2 X

FPD2 x LGO

LB1 X LR3 r

FPD4 x LBO

LR2 X LG3 K

FPD6 x LR1

LG2 X7L53 X

FPD18 x URO

va1 X usz X

FPD20 x UGo

ust X urs X

FPD22 x uBo

urz X uaa X

o O O O O S O >

vz X uss X

Lo L LI LI LI LU L
><><5<><?<><><><
’5<><><><}<><><><
§

H

Figure 11-1. 8-bit Color DD-STN Panel Timing
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Figure 11-2. 16-bit Color DD-STN Panel Timing
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Figure 11-3. 24-bit Color DD-STN Panel Timing
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00 = Dithering disabled

01 = Dither in all modes

10 = Dither in graphics modes only (no text)

11 =Dither in graphics modes with 8 bpp or more

The base color is selected by programming
SR36_5-3 as follows:

000 = 8 bits (no dithering)
011 = 3 bits (8-level FRC)
100 = 4 bits (16-level FRC)

SR36_0 selects the number of bits of the 8-bit
color value to use for dithering as follows:

0 = 2 bits (2x2 dither pattern)
1 = 4 bits (4x4 dither pattern)

Typically, a 2x2 dither pattern is used with 16-
level FRC and a 4x4 pattern with 8-level FRC.

T1 T2 T3 T4

T5

11.1.6 Dual-Scan STN Frame Buffer

DD-STN panel operation requires off-screen
video memory. The amount of memory is pro-
grammed in SR50 and SR51. The starting loca-
tion of the DD-STN memory is specified in SR4F.
These values are all programmed by the video
BIOS at reset. '

T6 7 T8 T9 T10

FPSCLK ’ \ , \ ’ \ ’ \

wo X wm Y m X e X
wor X @ X wm X s X
S T G G
ws X m X w X e X
- X5 X w X _w X
T GRS GRR
reon X "D G G
- X X w X W X =

Figure 11-4. 8-bit Color SS-STN Panel Timing
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Figure 11-5. 16-bit Color SS-STN Panel Timing
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Figure 11-6. 24-bit Color SS-STN Panel Timing
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11.2 TFT PANEL SUPPORT

TFT panel support is selected when SR39_1-0 =
00b.

11.2.1 TFT Panel Selection

SR3D_2-0 define the pixel data bus size as fol-
lows:

000 = 1 pixel/clock TFT (9-, 12-, 15-, 18-bit)
001 = 1 pixel/clock TFT (24-bit)
010 = 2 pixels/clock TFT (2x9-, 2x12-, 2x18-bit)

The 2 pixels per clock modes halve the clock rate
and clock two pixels on the falling edge of
FPSCLK, thereby lowering EMI levels. SR40_6 is
set to 1 to support this mode of operation.

Pixel data is output on some combination of the
FPDI35:0] pins. The data outputs are shown in
Table 11-2. Note that proper data output requires
that SR3D_3 be programmed to 1.

1 PIXEL/FPSCLK
T T2 T3

11.2.2 TFT Panel Timing

TFT panel timing is very similar to CRT timing,
with the FPDE signal functionally equivalent to
the CRT BLANK signal (inverted). Functional tim-
ing for an 24-bit TFT panel clocked at one pixel
per FPSCLK and a 36-bit (2x18) panel clocked at
2 pixels/FPSCLK are shown in Figure 11-7. Tim-
ings are the same for all types of TFT panels
clocked at 1 pixel/FPSCLK, as is the case for all
types of TFT panels clocked at 2 pixels/FPSCLK.

11.2.3 TFT Panel Control

Selection of a TFT panel configures several pins
specifically for TFT control. The drive strengths
of the panel clock and data are specified via
SR3D_7-6.

The polarity of the flat panel data can be changed
to active low by programming SR32_4 to 1.

2 PIXELS/FPSCLK
T T2 T3 T4 T5

S avalavaval

FPDE /[
FPD[23:0] X X
FPPOL X D1 D2

FPD[35:18] >< D2 X D4

FPDE _/

FPD[17:0]
FPPOL

D1 X D3 K
A

Figure 11-7. TFT Panel Timing
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Table 11-2. TFT Flat Panel Data Outputs

SR30_0 1 1 1 1 1 1 1 1 1
SR36.53 | 011 011 100 | 100 | 101 101 170 | 110 | 000
SR39.10 | 00 00 00 00 00 00 00 00 00
SR3D.2-0| 000 | 010 | 000 | 010 | 000 | 010 | 000 | 010 | 001
Pin TFT | TFT | TFT | TFT | TFT | TFT | TFT | TFT | TFT
Name 9 2x9 12 | 2x12 | 15 | 2x15 | 18 | 2x18 | 24
FPDO RO ROO | R2
FPD1 R10 | RO
FPD2 RO ROO | R1 RO1 | R3
FPD3 R10 R11

FPD4 RO ROO | R1 RO1 | R2 RO2 | R4
FPD5 R10 R11 R12

FPD6 RO ROO | R1 RO1 | R2 RO2 | R3 RO3 | RS
FPD7 R10 R11 R12 R13 | R1
FPD8 R1 RO1 | R2 RO2 | R3 RO3 | R4 RO4 | R6
FPD9 R11 R12 R13 R14

FPD10 R2 RO2 | R3 RO3 | R4 R4 | RS RO5 | R7
FPD11 R12 R13 R14 R15

FPD12 GO Goo | G2
FPD13 G10_| GO
FPD14 GO Goo | G1 Go1 | G3
FPD15 G10 G11

FPD16 GO GO0 | G1 Go1 | G2 Go2 | Ga
FPD17 G10 G11 G12

FPD18 GO Goo | G1 Go1 | G2 Go2 | G3 Go3 | G5
FPD19 G10 G11 G12 G13 | G1
FPD20 G1 Go1 | G2 G02 | G3 G03 | G4 Go4 | G6
FPD21 G11 G12 G13 G14

FPD22 G2 Go2 | G3 Go3 | G4 G4 | G5 Gos | G7
FPD23 G12 G13 G14 G15

FPD24 B0 BoO | B2
FPD25 B10 | BO
FPD26 BO B0 | B1 Bo1 | B3
FPD27 B10 B11

FPD28 BO BOO | B1 BO1 | B2 B2 | B4
FPD29 B10 B11 B12

FPD30 BO BOO | B1 Bo1 | B2 B2 | B3 B0O3 | BS
FPD31 B10 B11 Bi2 Bi3 | Bl
FPD32 B1 BO1 | B2 B2 | B3 B3 | B4 Bo4 | B6
FPD33 B11 B12 B13 B14

FPD34 B2 B02 | B3 B0O3 | B4 Bo4 | B5 BO5 | B7
FPD35 B12 B13 B14 B15

11-10 FLAT PANEL INTERFACE
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Pin B15 becomes the FPDE display enable signal.
The polarity of this signal can be changed to
active low by setting SR32_5 to 1.

Pin C4 becomes the FPHSYNC signal. The polar-
ity of this signal can be changed to active low by
setting SR32_6to 1.

Pin A3 becomes the FPVSYNC signal. The polar-
ity of this signal can be changed to active low by
setting SR32_7 to 1.

Pin C15 is the FPPOL polarity indicator signal for
those panels that support it. It is available when
SR40_7 = 1 and SR1A_5 = 1. FPPOL is supported
for 18- and 24-bit 1 pixel/clock modes and for
2x18-bit 2 pixels/clock mode. Timing for this sig-
nal is shown in Figure 11-7.

SR40_5 allows FPSCLK to be turned on (=0) or off
(=1) during non-display time. FPSCLK can be
delayed via SR40_3-1.

11.2.4 TFT Panel Dithering

As with STN panels, dithering is used to increase
the apparent number of colors displayed. This is
enabled by setting SR36_7-6 appropriately as
follows:

00 = dithering disabled

01 = dithering enabled in all modes

10 = dither in graphics (not text) modes

11 = dither in graphics modes with 8bpp or more
color

SR36_0 selects the dither pattern as follows:

0 = 2x2 pattern
1 = 4x4 pattern

The base color is selected by programming
SR36_5-3 as follows:

000 = 8 bits (no dithering - 24-bit TFT
011 = 3 bits (9-bit TFT)

100 = 4 bits (12-bit TFT)

110 = 6 bits (18-bit TFT)

Note that all other values are illegal.

11.3 FLAT PANEL DISPLAY
ENHANCEMENTS

The 86CM65 features automatic centering for
display modes that are smaller than the panel
size. Additionally, horizontal and vertical expan-
sion for both graphics and text modes enables
low resolution modes to fill the entire available
display area.

11.3.1 Automatic Centering

Automatic horizontal centering is enabled via
SR54_4. Automatic vertical centering is enabled
via SR56_4.

11.3.2 Horizontal Compensation

SR54_1-0 enable horizontal expansion for text
modes. SR55_1-0 specify which text modes get
expanded. SR54_3-2 enable horizontal expan-
sion for graphics modes. SR55_4-2 specify which
graphics modes get expanded. SR54_4 enables
horizontal centering.

11.3.3 Vertical Compensation

SR56_1-0 enable vertical expansion for text
modes. SR57_1-0 specify which text modes get
expanded. SR56_3-2 enable vertical expansion
for graphics modes. SR55_6-2 specify which
graphics modes get expanded. SR56_4 enables
vertical centering.

11.3.4 Pulse Width Modulation

A pulse width modulation (PWM) signal is avail-
able to control panel brightness or contrast. PWM
support is enabled for 2566Kx16 DRAM configura-
tions by setting SR52_0 to 1. This enables output
of the PWM signal on pin M17. PWM cannot be
used with 512Kx32 DRAM configurations or with
the ODD input function. SR52_1 specifies the
PWM clock source. SR52_6-4 specify the clock
divide used to determine the final PWM pulse
width (period). The duty cycle of the PWM pulse
is controlled via SR53.

FLAT PANEL INTERFACE 11-11
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Figure 11-8. PWM Timing

PWM active timing is coordinated with panel
power sequencing. This is shown in Figure 11-8.

11.3.5 Blinking

Character blinking can be set via CR43_3 to every
32 (= 0) or 64 (=1) frames. Cursor blinking can be
set via CR43_6-5 as follows:

00 = blink every 16 frames
01 = blink every 32 frames
10 = blink every 64 frames

11.4 DuoView DISPLAY

The 86CM65 has two CRT controllers as shown
in Figure 11-9. Either can be used to drive a CRT
and either can be used to drive a flat panel. The
Streams Processor can be used only in conjunc-

only be used to display Enhanced modes (not
VGA) and does not provide flat panel expansion
and centering.

The DCLK rate used by each controller path can
be individually specified. This provides a tremen-
dous degree of flexibility, including the ability to
display one image on the CRT and a completely
different image on the flat panel, each using
different CRT timings. This section explains how
to take advantage of this flexibility.

11.4.1 DuoView Display Setup

Flat panel controller usage is defined by SR31_1
as follows:

0 = Use controller 1 (via Streams Processor)
1= Use controller 2 (no Streams Processor, VGA)

The controlier used by the CRT/TV is defined by
SR31_2 as follows:

0 = Use controller 1 (via Streams Processor)
1= Use controller 2 (no Streams Processor, VGA)

Each controller has an associated color look-up
table (CLUT). By default, CLUT1 and CLUT2 will
be enabled and mirrored for CPU writes. The
hardware cursor and hardware icon, if enabled,

11-12 FLAT PANEL INTERFACE
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are shared by both controllers. By default, they
are controlled by controller 1.

The controller choices are based on the following
considerations.

LCD or CRT/TV Only

Use controller 1.

Simultaneous Display

Use controller 1 for both CRT/TV and flat panel.

This is a variation of DuoView where the CRT and
flat panel images are displayed with almost iden-
tical timings. Normally, the flat panel timings are
compromised for CRT VESA timings. Video out-
put using the Streams Processor is displayed on
both screens, as are the hardware cursor and/or
hardware icon, if enabled.

DuoView Display

For this case, the CRT uses one controller and the
flat panel uses the other. The choice depends on
the potential display of video, which requires the
Streams Processor, the need to display standard
VGA modes or the need to have automatic ex-
pansion/centering, all of which require controller
1. Therefore, if video is desired on the CRT, this
is assigned controller 1 and the flat panel is
assigned controller 2. Note that this means that
automatic centering/expansion is not available
for the panel. The assignments are reversed if
video output is desired on the flat panel. Note
that only one screen can display video in this
mode.

The DCLK rate for the controller 1 path is selected
via SR28_3-0. The DCLK rate for the controller 2
path is selected via SR28_7-4.

DAC |—» CRTTV

: PATH 1

: CONTROLLER 1

I

|

1

|

I

1

1 STREAMS

: PROCESSOR
PXEL et e ===
DATA X

PATH2

[

4 -1

LuT2 [ +

I
|
I
[}
| CONTROLLER 2
I
I
|
I

A

Figure 11-9. Internal Data Paths
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In DuoView mode, the hardware cursor can be
displayed on either screen. SR31_7 = 0 selects
cursor control by controller 1 and SR31_7 = 1
selects cursor control by controller 2. The hard-
ware icon can also be displayed on either screen.
SR31_6 = 0 selects icon control by controller 1
and SR31_6 = 1 selects icon control by controller
2.

InDuoView, if a text mode is used for one display,
a text mode must also be used for the other
display. The same is true for graphics modes. In
other words, text and graphics modes cannot be
mixed. If the same image is to be displayed on
both the CRT/TV and the flat panel but with dif-
ferent timings, both controllers must be used and
the Streams Processor and VGA modes are not
available.

11.4.2 DuoView Programming

86CM65 has a large number of paired registers
for control of timings and resolutions for CRT/TV
display. For example, there are two Horizontal
Total (CRO) registers, one associated with CRT
controller 1 and the other with CRT controller 2.
Both have the same address, and control of
read/write access to these registers is provided
by a number of bits in SR26. SR26_3 controls
write access to the CRT controller 1 registers. A
value of 0 (default) enables writes. SR26_2 con-
trols write access to the CRT controller 2 regis-
ters. A value of 0 (default) disables write access.
Using these controls, a single write can update
either of the paired registers or both.

Bit 0 and 1 of SR26 control read access of the
paired registers.

The following CRTC registers (or register bits) are
paired:

CRO-CR9; CRC; CRD; CR10-CR18; CR22; CTR22_7;
CR24; CR31_6; CR33_6-3; CR34_4; CR35_5-4;
CR3A_4-3; CR3B; CR3C; CR42_5; CR43; CR51;
CR63, CR65; CR66_0; CR67; CR69; CR71

In addition, there are a number of shared regis-
ters. This means that both controller 1 and con-
troller 2 obtain information from the same
register. The shared registers are:

CRA; CRB; CRE; CRF; AR11; SR1_5; SR3_5-0;
SR4_3, 1; GR5_6-5; CR31_3; CR32_6; CR38; CR39

Paired and shared registers and bits are noted in
the register descriptions.

A separate set of CRT timing registers is provided
for flat panel operation. These are SR60 - SR6F,
except SR67 is reserved. The values to be pro-
grammed in these registers are fixed for a given
panel (not mode dependent as with a CRT).
Therefore, they should be programmed only at
reset. These registers are used by controller 1 if
SR31_1 =0 and by controller 2 if SR31_1=1.

11.4.3 DuoView Programming
Example

The following steps show how to program the
86CM65 to operate the flat panel using Controller
2 at a resolution of 800x600 at 60 Hz and the CRT
using Controller 1 at a resolution of 640x480 at
60 Hz.

1. Boot for 800x600 60 Hz flat panel operation

2. Enable Controller 1 and Controller 2 (SR26
= 04H)

. Set VESA Mode 103 (800x600 60 Hz)

. Disable Controller 2 (SR26 = 00H)

. Set VESA Mode 101 (640x480 60 Hz)

. Set flat panel to Controller 2 (SR31_1=1)
. Set CRT to Controller 2 (SR31_2 = 0)

. Set DCLK PLL to 75 MHz (SR12 = 42, SR13 =
28)

9. Set Controller 1 clock to PLL/3 = 25 MHz

and Controller 2 clock to PLL/2 = 37 MHz

(SR28 = 48H)

10.Lock the timing registers (CR35 = FOH)

00 N O O~ W
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Section 12: Local Peripheral Bus

Local Peripheral Bus (LPB) operation is enabled
by setting MMFF00_0 to 1. This provides the
following interfaces:

e  S3 Scenic/MX2™ MPEG Audio/Video De-
coder (glueless, bi-directional)

o Philips® Video Digitizers (8- or 16-bit in-
terface)

e  Host Video Data (Pass-through. This al-
lows decimation of 32-bit CPU data be-
ing written to the frame buffer.

e  ZV Port (compliant with Release 007)

The hardware interfaces are clocked by LCLK.
This requires that MMFF00_24 be set to 1. Pass-
through operation is clocked by SCLK by clearing
MMFF00_24 to 0.

The internal block diagram for the LPB is shown
in Figure 12-1.

12.1 Scenic/MX2 INTERFACE

The hardware interface to the Scenic/MX2 is
shown in Figure 12-2.

The Scenic/MX2 interface is selected by setting
MMFF00_3-1 to 000b. This interface is fully bi-di-
rectional. Scenic/MX2 registers can be accessed,
compressed data sent and decompressed video
data received.

LPB
HoST < LPB DATA/ADDRESS | 8, R
“72?|  recisters PORT R
8
2 LPB 8x32 7 > EXTERNAL
OUTPUT FIFO ane . DEVICE
32
VIDEOFIFO |, ™ q8ne
TO MEMORY 8x32 <
INTERFACE 32764 J P
8xa2 C LA
DECIMATION
TO MEMORY MEMORY ADDRESS weock
INTERFACE GENERATION

Figure 12-1. LPB Internal Block Diagram
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12.1.1 Scenic/MX2 Register/Memory
Access

To read/write a Scenic/MX2 register or private
memory location (other than to transfer com-
pressed data), the LPB Direct Read/Write Address
register (MMFF14) is written. The new regis-
ter/memory data is then written to MMFF18. For
a write access, this write triggers the sequence
shown in Figure 12-3 if the Scenic/MX2 is ready
to receive the data (CREQ/CRDY remains high).
One cycle after 86CM65 asserts its VREQ/VRDY
signal, it sends the address in three byte writes.
The first byte is composed of bits 23-16 of
MMFF14. The three upper bits are 000b to define
this as a write. Bit 4 is 1 for a register access and
0 for a memory access. Bits 3-0 are bits 19-16 of
the address. The second byte is bits 15-8 of
MMFF14 and the third byte is bits 7-0. The data
immediately follows in four byte writes. Data is
written in the opposite byte order to that for the
address, i.e., least significant byte (bits 7-0) first
and most significant byte (bits 31-24) last. The
86CM65 then deasserts VREQ/VRDY. The Host
repeats the above sequence for another write if
required.

Scenic/MX2

If the Scenic/MX2 is not ready to receive data, it
drives its CREQ/CRDY signal low during the A0-0
byte (LSB) of the address phase. The 86CM65
then delays sending the data until the
Scenic/MX2 raises CREQ/CRDY. This is depicted
in Figure 12-4.

Figure 12-5 shows a Scenic/MX2 register/mem-
ory read when the Scenic/MX2 is ready to pro-
vide data. This is indicated by the Scenic/MX2
holding the CREQ/CRDY high throughout the cy-
cle. The three upper bits of the first address byte
are 001 to define a read.

If the Scenic/MX2 is not ready to provide data, it
drives its CREQ/CRDY signal low during the ad-
dress phase. The 86CM65 then waits until the
Scenic/MX2 raises CREQ/CRDY and provides reg-
ister data. This is depicted in Figure 12-6.

To prevent data starvation and deal with request
contention, the following protocol is followed.

. No transaction can be initiated if the bus
is active

e  There is one dead cycle on the bus fol-
lowing all transactions

86CM65

LCLK

4

LCLK

Lor:0] |«

i Lo[7:0)

VREQ/VRDY |«

CREQ/CRDY

VREQ/VRDY

p| CREQ/CRDY

ENFEAT

ENABLE |<

AVCTOK

Figure 12-2. 86CM65 to Scenic/MX2 Interface
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Figure 12-3. Scenic/MX2 Write (Scenic/MX2 Ready)

CREG/CRDY \ [

e o Y X o o X o X m  m—

Figure 12-4. Scenic/MX2 Write (Scenic/MX2 Not Ready)

CREQ/CRDY

Vﬁs—wvnnv—_\ /—
LDU:“]—-——(AO-Z )(Ao-ij(m)——( Do)( D1 X D2 X Da):

Figure 12-5. Scenic/MX2 Read (Scenic/MX2 Ready)

CREQ/CRDY \ [
VREG/VRDY _\ /_

m:o]———————(mXAo-iXm)* (WX‘"X'”X'”>:

Figure 12-6. Scenic/MX2 Read (Scenic/MX2 Not Ready)
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e  One device may not initiate a transac-
tion until the second cycle following the
completion of a transaction initiated by
the other device

o Neither device may initiate a transaction
until the third cycle following the com-
pletion of a transaction initiated by itself

e [f CREQ/CRDY and VREQ/VRDY are both
driven low on the same cycle (request
contention), CREQ/CRDY (the
Scenic/MX2) wins.

12.1.2 Scenic/MX2 Compressed Data
Transfer

The 86CM65 has an output FIFO for handling the
transfer of compressed video data from the Host
to the Scenic/MX2 (see Figure 12-1). The Host
must first check the number of empty slots
(MMFF04_3-0), then send no more than this
many doublewords (32 bits) of compressed data
to the FIFO. An eight doubleword address range
(FF40H - FF5CH) is provided for this FIFO. Writes
to any ofthese addresses are directed to the FIFO.

MMFF00_17-16 are programmed to specify the
number of doublewords of data to burst to the
Scenic/MX2. A write to the output FIFO then
initiates a compressed data write to the
Scenic/MX2. This is depicted in Figure 12-7 for a
burst count of 2 (MMFF00_17-16 = 01b) for the
case where the Scenic/MX2 is ready to receive
the data. The address and first doubleword are

transferred exactly as for a register/memory
write. Following doublewords in the burst are
each separated by one dead cycle. The address
has no meaning except for the upper three bits,
which are forced to 110b by hardware to specify
a compressed data transfer. Note that burst
writes that end because the FIFO is empty (as
opposed to the maximum burst count being
reached) hold VREQ/VRDY low for one more cy-
cle than is shown in Figure 12-7.

The Scenic/MX2 cannot accept a burstlargerthan
eight doublewords. If MMFF00_17-16 are pro-
grammed to 11b (burst all) and eight double-
words are loaded into the FIFO, software must
ensure that the FIFO is empty before loading
more data into the FIFO.

A compressed data transfer when the
Scenic/MX2 is not ready to receive data is almost
the same as a register write for the same circum-
stances (see Figure 12-4). The only difference is
that after the Scenic/MX2 returns its CRDY signal,
additional doubleword packets may be burst to
the Scenic/MX2 as shown in Figure 12-7.

The Scenic/MX2 can stop a compressed data
transfer by pulling CREQ/CRDY low for one (and
only one) cycle during byte three of any double-
word. This is shown in Figure 12-8.

An output FIFO empty interrupt can be enabled
by setting MMFF08_17 to 1. The status is read via
bit 1 of this same register.

we N\

mmo]-————( A2 qu m boo )(ncu WM°X b1t X o12 )(me ):

Figure 12-7. Scenic/MX2 Compressed Transfer (Ready)
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CREQ/CRDY

VREQ/VRDY \

|

j_
LD[7:0] \f Ao-rx At X a0o X 000 X oo-q( ooz X Doa ):_

Figure 12-8. Scenic/MX2 Stopping a Compressed Xfer

12.1.3 Scenic/MX2 Video Capture

The following setup is done for Scenic/MX2
video capture:

e  The 86CM65 is placed in Scenic/MX2
mode (MMFF00_3-1 = 000b).

¢ One or two frame buffer starting ad-
dresses are defined (MMFFOC,
MMFF10). One is required. The second
is required for double buffering.

e  The horizontal and vertical decimation
registers are programmed (MMFF2C,
MMFF30). This is optional.

e  The line stride is programmed
(MMFF34_10-0). This is not required if
HSYNCs are not being sent.

The 86CM65 signals its readiness to accept data
by driving VREQ/VRDY high. This is done auto-
matically when the 86CM65 does not need to
drive this signal low such as to initiate a register
access or to indicate an LPB video FIFO full state.
The Scenic/MX2 responds by sending a VSYNC
(CREQ/CRDY low for one cycle) followed by an
HSYNC (CREQ/CRDY low for two cycles). This is
shown in Figure 12-9. As indicated in the figure,
the time between VSYNC and HSYNC is variable.
The HSYNC sequence occurs after each line, but
may not occur before the first line, depending on
how the Scenic/MX2 is programmed.

N AVaVaWaWaWal

CREQ/CRDY
VSYNC HSYNC cPvsHs

Figure 12-9. Scenic/MX2 VSYNC and HSYNC Protocols
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After the VSYNC/HSYNC sequence, the Sce-
nic/MX2 can pull CREQ/CRDY low at any time and
begin sending data three clocks later. This is
shown in Figure 12-10. The 86CM65 assumes
data has begun any time CREQ/CRDY is held low
for more than two cycles. When the Scenic/MX2
is sending the last byte, it drives CREQ/CRDY
high. The Scenic/MX2 must always send data in
4-byte packets. If it has fewer to send for the last
packet, it must pad the transmission with dummy
writes to create a 4-byte packet.

Figure 12-10 shows what happens when the
86CM65 is ready to receive all the data. If the

86CM65 cannot accept more data, such as when
its LPB video FIFO is full, it drives its VREQ/VRDY
signal low during the first byte phase of a 4-byte
packet. All bytes starting with this one are re-
jected by the 86CM65 and must be resent by the
Scenic/MX2 after the 86CM65 drives its
VREQ/VRDY signal high again. This is depicted in
Figure 12-11, where the Dn0 byte, which is the
first byte of the nth 4-byte packet, is rejected.
When the 86CM65 can accept more data, it drives
VREQ/VRDY high. The Scenic/MX2 drives
CREQ/CRDY high (two cycles later) and then
drives it low when it is ready to resend the data.

CREQ/CRDY \

L« [_

)
[(¢

VREG/VRDY

B2

Lorra) (pooXnanozXDoaXmo)SS

)

Figure 12-10. Scenic/MX2 Video Input (86CM65 Ready)

CREQ/CRDY

VREQ/VRDY \ /

Figure 12-11. Scenic/MX2 Video Input (86CM65 Not Ready
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The resend of Dn0 and subsequent bytes starts
two cycles later.

When the 86CM65 receives an HSYNC from the
Scenic/MX2, it adds the line offset (MMFF34_10-
0) to the previous line starting address and starts
writing the next data at that location. In this way,
for example, it can transfer 640-byte lines into a
frame buffer configured for 1024-byte lines. If
HSYNCs are not sent, memory will be written in
a contiguous manner.

12.2 DIGITIZER INTERFACE

86CM65 provides a glueless interface to the
Philips digitizer in Video 16 mode (MMFF00_3-1
= 001b) as shown in Figure 12-12. This section
describes the interface to the Philips SAA7110
digitizer.

As an alternative, the Scenic/MX2 provides a
glueless interface to the SAA7110. In this case,
the Scenic/MX2 converts the 16-bit data to 8-bit
data and also provides the 12C interface to the
SAA7110. The 86CM65 then receives the video
data, clock and controls from the Scenic/MX2.

The Scenic/MX2 documentation describes this
interface.

12.2.1 12C Interface for SAA7110

SAA7110 registers are programmed via a serial
12C interface. This interface is described in Sec-
tion 13.

12.2.2 SAA7110 Video Input

The following setup is done for SAA7110 video
input:

e The 86CM65 is placed in Video 16 mode
(MMFF00_3-1 = 001b)

e  Byte swapping is disabled by setting
MMFF00_6 to 1.

e  The correct vertical and horizontal sync
polarities are specified (MMFF00_9, 10).

e  One or two frame buffer starting ad-
dresses are defined (MMFFOC,
MMFF10). One is required. The second
is required for double buffering.

SAA7110 86CM65
Y[7:0] LD[7:0]
UV[7:0] LD[15:7]
LLC »| LCLK
HS p1 HS
VS »| VS
SDA [« »| SPD
SCK |« »| SPCLK
oDD p»| obD
AVDTOK

Figure 12-12. 86CM65 to SAA7110 Digitizer Interface
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e  The horizontal and vertical decimation
registers are programmed (MMFF2C,
MMFF30). This is optional.

e  The video input window size (height in
lines and width in pixels) is pro-
grammed in MMFF24.

e  The video data horizontal and vertical
offsets are programmed in MMFF28.

e  The line offset (stride) is programmed
(MMFF34_10-0).

The SAA7110 then sends video data as shown in
Figure 12-13. In this figure, both VSYNC (VS) and
HSYNC (HS) have active high polarity. The verti-
cal offset (MMFF28_24-16) is 1, meaning the first
line is skipped. The horizontal offset HO
(MMFF28_11-0) is 1, meaning that the first data
starts one clock after the second HS goes low. HS
goes high again some time after the last byte of
the line, whose position is specified by the line
width (LW) programmed in MMFF24_11-0. The
widths of the VS and HS pulses shown may vary.

To provide a full interlaced video output to a TV
set, double buffering must be used. One buffer
(LPB address 0) specifies the start of the even
field data. The other buffer (LPB address 1) speci-
fies the start of the odd field data. The Streams
Processor buffer starting addresses must be cor-
respondingly programmed. MMFF00_30 is set to
1 to direct the incoming data to the proper buffer
based on the state of the ODD input. If required,
the ODD signal can be inverted before it is sam-

pled by setting MMFF00_29 to 1. Pin M17 in
configured as the ODD input when the memory
type is 2566Kx16 and PWM operation is disabled
(SR52_0 =0).

The state of the ODD signal can be read via
MMFF04_20. MMFF04_21 can be read to deter-
mine which buffer is being used to store incom-
ming data.

If digitizer output to a CR or flat panel is required,
alternate frames of the video input must be dis-
carded (not written to memory) by setting bit 5
of MMFFOO to 1.

If the digitizer has an 8-bit interface, Video 8 In
mode is selected by programming MMFF00_3-1
to 010b.

12.3 HOST PASS-THROUGH

When pass-through mode is enabled
(MMFF00_3-1 = 100b), the CPU can write 32-bit
data to the output FIFO and have this data passed
directly to the decimation block (bypassing the
LPB bus). The data are sent exactly as for com-
pressed video data to an MPEG decoder. The
data will then be decimated according to the
programming of MMFF2C (horizontal) and
MMFF30 (vertical) and then passed to the video
FIFO to be written to display memory. This path
is shown in Figure 12-1.

vs / \ I

[(d

29

Hs /— <<

]

29

£C /—_—\_

9

LD7:0)

2

) -+ EEX ) -

Figure 12-13. Video 8 In or 16 Mode Input
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When the Host sends an HSYNC (MMFF00_12 =
1) or VSYNC (MMFFO00_11), the decimation reg-
isters are re-loaded. Therefore, the Host must
ensure that at least 5 clocks pass between the
sync and the start of data to allow time for this
reloading.

Pass-through is not supported if big-endian ad-
dressing is being used.

12.4 ZV PORT INTERFACE

The ZV Port, or Zoomed Video Port, allows direct
transmission of video data from a PC Card to the
86CM65. The 86CM65 supports ZV Port operation
when its LPB function is enabled (MMFF00_0 = 1)
and LCLK is selected (MMFF00_24 = 1). The fol-
lowing setup is done for ZV Port operation:

e Video 16 mode is selected (MMFF00_3-1
=001b)

e  The ZV Port enable bit is set
(MMFF00_31=1)

e  MMFF090_9 and MMFF00_10 must be
set to 1 to specify active high HSYNC
(HS) and VSYNC (VS).

e  Byte swapping is disabled by setting
MMFF00_6 to 1.

e  One or two frame buffer starting ad-
dresses are defined (MMFFOC,

MMPFF10). One is required. The second
is required for double buffering.

e  The horizontal and vertical decimation
registers are programmed (MMFF2C,
MMFF30). This is optional.

e The video input window size (height in
lines and width in pixels) is pro-
grammed in MMFF24.

e  The video data horizontal and vertical
offsets are programmed in MMFF28.

e  The line offset (stride) is programmed
(MMFF34_10-0).

During ZV Port operation, the 86CM65 automat-
ically detects even and odd video fields based on
the state of HS on the falling edge of VS.

The interface is shown in Figure 12-14.

PC CARD 86CM6S5
Y[7:0] P»| Loir:0)
uV[7:0] P| Lofi5:7]
PCLK > Lok
HREF »| Hs
VSYNC > vs
pr=

Figure 12-14. ZV Port Interface
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Section 13: Miscellaneous Functions

This section explains the video BIOS ROM inter-
face, the General I/O Ports and interrupt genera-
tion.

13.1 VIDEO BIOS ROM INTERFACE

For mobile systems, the video BIOS is usually
part of the system ROM. A separate ROM inter-
face is supported for testing purposes.

The RDI[7:0] (ROM data) and RA[15:0] (ROM ad-
dress) signals are multiplexed on the PD[23:16]
and PD[15:0] pins respectively. The ROMEN
(ROM chip enable) signal is multiplexed with the
FPPOL signal. ROMEN is selected when SR1A_5
= 0. The BIOS ROM must be shadowed immedi-
ately after reset (as the PCl standard requires) and
BIOS access disabled to prevent interference
with graphics operation.

T1

13.2 GENERAL INPUT PORT

The 86CM65 provides a 4-bit General Input Port
(GIP) as part of its LPB function. The following
steps are required to implement it.

1. Disable all other LPB uses.

2. Enable sensing of the desired input data on
LDI[7:4].

3. If the LPB General Output Port function is
also in use, ensure that the correct output
data is programmed in MMFF1C_3-0.

4. Program SR1A_4 to 1 to select STWR.

5. Write (anything) to CR5C. The data on
LD[7:4] are latched 2 DCLKs later into
MMFF1C_7-4. (This also drives the con-
tents of MMFF1C_3-0 onto LD[3:0] and
generates the STWR pulse on pin C3. The

T2 T3

STWR \

ﬁ LATCH

LD[3:0] W

VLPBGOP

Figure 13-1. General I/O Port Timing
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input data is latched on the rising edge of
STWR. See Figure 13-1)

6. Disable sensing of input data on LD[7:4].

13.3 GENERAL OUTPUT PORT

The 86CME65 provides a 4-bit General Output Port
(GOP) as part of its LPB function. To implement
this:

1. Disable all other LPB uses.

2. Program the desired output in MMFF1C_4-0.

4. Program SR1A_4 to 1 to enable output of
STWR on pin C3.

5. Write (anything) to CR5C. The data in
MMFF1C_3-0 are immediately driven onto
LD[3:0] and the STWR pulse is generated.
The rising edge of STWR (2 DCLKSs after it
is asserted) can be used to latch the data
into an external device. The data is held
valid for 1/2 DCLK after this edge. See Fig-
ure 13-2.

The 86CM65 also provides a 1-bit GOP on a
dedicated pin. To implement this:

1. Clear SR1A_4 to Ob to make pin C3 act as
GOPO.

2. Program the desired output in CR5C_0. This
statically drives the state of CR5C_0 onto
the GOPO pin. This pin will continue to re-
flect the register bit states as long as .
SR1A_4 = 0. The value in CR5C_0 can be
reprogrammed at any time.

13.4 SERIAL COMMUNICATIONS
PORT

A serial communications port is implemented in
the MMFF20 register. Bit 4 is set to 1 to enable
the interface. The clock is written to bit 0 (= 0) and
data to bit 1 (= 0), driving the SPCLK and SPD pins
low respectively. The state of the SPCLK pin can
be read via bit 2 and the state of the SPD pin can
be read via bit 3. The SPCLK and SPD pins are
tri-stated when their corresponding control bits
are reset to 0, allowing other devices to drive the
serial bus.

Typical uses for the serial port are for DDC moni-
tor communications and 12C interfacing. When
SPCLK and SPD are tri-stated, the 86CM65 can
detect an 1C start condition (SPD driven low
while SPCLK is not driven low). This condition is
generated by another I2C master that wants con-
trol of the IC bus. If bit 19 of MMFF08 is set to 1,
detection of a start condition generates an inter-
rupt and sets bit 3 of MMFFO08 to 1. If bit 24 of
MMFFO08is setto 1, the 86CM65 drives SPCLK low
to generate 12C wait states until the Host can clear
the interrupt and service the 1°C bus.

I1f PD26 is strapped low at reset, strapping of PD25
selects either E2H (PD25 pulled high) or ES8H
(PD25 pulled low) as the I/O port address for the
Serial Port register. This allows the ports to be
used for serial communications, typically 1°C,
even when the 86CM65 is not enabled.

13.5 INTERRUPT GENERATION

Whatever the mode of operation (VGA or En-
hanced), bit 4 of CR32 must be set to 1 to enable
interrupt generation. When an enabled interrupt
is generated, INTA is pulled low.

When the 86CM65 is being operated in VGA
mode (CR67_0 = 0), only a vertical retrace can
generate an interrupt. This is enabled when bit 5
of CR11 is cleared to 0 and a 1 has been pro-
grammed into bit 4 of CR11. When an interrupt
occurs, itis cleared by writing a 0 to bit 4 of CR11.
The interrupt must then be re-enabled by writing
a 1to the same bit. Note that the BIOS clears both
bit 4 and bit 5 of CR11 to 0 during power-on, a
mode set or a reset. Thus, interrupt generation is
disabled until bit 4 is set to 1.

When the 86CM665 is being operated in Enhanced
mode (CR67_0 = 1), interrupts can be generated
by a vertical retrace, Graphics Engine busy, com-
mand FIFO overflow and command FIFO empty.
These interrupts are enabled and cleared and
their status reported via 42E8H.

Multiple interrupts can be enabled at the sam
time in Enhanced mode. The interrupt pin wnII
remain asserted until all interrupt status bits are
cleared.
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Section 14: Basic Software Functions

This section describes some of the basic operations required to program 86CM65.

14.1 CHIP WAKEUP

The following program wakes up the 86CMB65. This is required for systems that do not use the S3 style
of video BIOS, e.g, UNIX.

mov dx,3c3h ; Video Subsystem Enable register address
mov al,01lh ; bit 0 = 1, enable graphics display
out dx,al ; write new bit values to 3c3h
mov dx,3cch ; Miscellaneous Output Read register
in al,dx ; Read 3cch
[load CRTCs] ; program CRTC registers
mov dx,3Cé6h ; DAC Mask register address
mov al,FFh ; DAC Mask register initialization value
; Initialize DAC mask and release BLANK signal

out dx,al

14.2 REGISTER ACCESS

S3 has added a number of graphics registers to the standard VGA set. These can be locked when not
in use to prevent accidental access and uniocked when access is requires. This section explains how
this is done.

14.2.1 Unlocking the S3 Registers

The S3 registers (CR30 and higher plus the Enhanced Commands registers) must be unlocked before
they can be accessed by the CPU. The code to do this is:

Note: Byte operations are used in the following examples for clarity. Word operations, e.g.,

mov ax, 4838h
out dx,ax

should be used for efficiency instead of the operations used in the first example below.
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; Write code to SR8 to provide access to the S3 extended Sequencer registers
(SR9-SRFF)

’

mov dx,3cdh ; copy index register address into dx

mov al,08h ; copy index for SR8 register into al

out dx,al ; write index to index register

inc dx ; increment dx to 3c5h (data register address)

mov al,06h ; copy unlocking code (xxxx0110b, x=don’t care) to al
out dx,al ; write the unlocking code to the data register

dec dx ; restore the index register address to dx

; Write code to CR38 to provide access to extended CRTC registers CR2D-CR3F

mov dx,3d4h ; copy index register address into dx

mov al,38h ; copy index for CR38 register into al

out dx,al ; write index to index register

inc dx ; increment dx to 3D5h (data register address)

mov al,48h ; copy unlocking code (01xx10xxb, x=don’'t care) to al
out dx,al ; write the unlocking code to the data register

dec dx ; restore the index register address to dx

; Write code to CR39 to provide access to extended CRTC registers CR40-CRFF

; dx is already loaded with 3D4h because of the previous instruction

mov al,3% ; copy index for CR39 register into al
out dx,al ; write index to index register
inc dx increment dx to 3D5h (data register address)

mov al,0aSh copy unlocking code to al (the code aSH also unlocks
access to configuration registers CR36, CR37 and CR68
write the unlocking code to the data register

restore the index register address to dx

out dx,al
dec dx

e S oS0 e

Set bit 0 in CR40 to enable access to the Enhanced Programming registers.

; dx is already loaded with 3D4h because of previous instruction

mov al,40h ; copy index for CR40 register into al

out dx,al ; write index to index register

inc dx ; increment dx to 3D5h (data register address)

in al,dx ; read register data for read/modify/write operation
or al,1l ; set bit 0 to 1

out dx,al ; write the unlocking code to the data register

dec dx ; restore the index register address to dx
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14.2.2 Locking the S3 Registers

Relocking the S3 registers is done by repeating the code used to unlock the registers except:

1. The values written to the SR8, CR38 and CR39 registers must change at least one of the signifi-
cant bits in the valid code pattern. For example, 00h will always accomplish this.

2.  Atter first verifying that the Graphics Engine is not busy (bit 9 of 9AE8H is 0), bit 0 of CR40
must be cleared to 0. A read-modify-write cycle must be used instead of the code used above
to prevent overwriting of any changes made to bits 7-1 in CR40 since reset.

mov dx,3d4h ; copy index register address into dx

mov al,40h ; copy index for CR40 register into al

out dx,al ; write index to index register

inc dx ; increment dx to 3D5h (data register address)

in al,dx ; read content of CR40 into al

and al,0feh ; clear bit 0 to 0

out dx,al ; write to CR40 to lock the Enhanced Commands registers
dec dx ; restore the index register address to dx

14.3 TESTING FOR THE PRESENCE OF AN 86CM65 CHIP

After unlocking, an 86CM65 chip can be identified via CR2E. The following code aborts the driver
program and returns to DOS if an 86CM65 chip is not found.

mov dx, 3d4h ; copy index register address into dx

mov al,2eh ; copy index for CR2E register into al

out dx,al ; write index to index register

inc dx ; increment dx to 3D5h (data register address)
in al,dx ; read content of CR2E into al

cmp al,12h : compare chip ID to the desired chip ID (12h)
jne not_12 jump to a label if chip ID does not match desired ID
86CM65 found - continue with setup

~e o~

Specific revisions of the chip can be identified via CR2F. The PCl configuration space device and revision
ID fields can also be used to identify the chip.

14.4 GRAPHICS MODE SETUP

Some programs may require a graphics mode other than that provided by standard operation. For
example, a DOS game may require a resolution of 640x400x8 (VESA mode 100) instead of the standard
DOS mode, e.g., mode 03. The following code fragment shows how this is done.

mov ax,4f02h ; VESA super VGA mode function call
mov bx,100h ; mode 100
int 10h ; call video BIOS
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Section 15: VGA Compatibility Support

This section describes 86CM65 support for standard VGA and VESA Super VGA graphics standards.

15.1 VGA COMPATIBILITY

The 86CM65 is compatible with the VGA standard. These modes are not accelerated using the Graphics
Engine. However, other design features provide excellent VGA performance.

Several of the standard VGA registers have been modified or extended in the 86CM65. Table 15-1
describes these changes.

Table 15-1. Standard VGA Registers Modified or Extended in the 86CM65

Register Change to Standard VGA Definition

CRO Extension bit 8 is bit 0 of CR5D. Bit 5 of CR35 controls access to this register. Bit
7 of CR43 doubles the parameter size. The flat panel equivalent is SR60.

CR1 Extension bit 8 is bit 1 of CR5D. Bit 5 of CR35 controls access to this register. Bit
7 of CR43 doubles the parameter size. The flat panel equivalent is SR61.

CR2 Extension bit 8 is bit 2 of CR5D. Bit 5 of CR35 controls access to this register. Bit
7 of CR43 doubles the parameter size. The flat panel equivalent is SR62.

CR3 The length of the blanking pulse defined in this register can be extended by 64

DCLKs via bit 3 of CR5D. Bit 5 of CR35 controls access to this register. Bit 7 of
CR43 doubles the parameter size. The flat panel equivalent is SR63.

CR4 Extension bit 8 is bit 4 of CR5D. Bit 5 of CR35 controls access to this register. Bit
7 of CR43 doubles the parameter size. The flat panel equivalent is SR64.
CR5 The length of the HSYNC pulse defined in this register can be extended by 32

DCLKs via bit 5 of CR5D. Bit 5 of CR35 controls access to this register. Bit 7 of
CR43 doubles the parameter size. The flat panel equivalent is SR65.

CR6 In addition to the standard VGA extensions (bit 8 is bit 0 of CR7, bit 9 is bit 5 of
CR47), bit 10 is bit 0 of CR5E. Bit 4 of CR35 controls access to this register. The
flat panel equivalent is SR68.

CR7 Bit 4 of CR35 controls access to bits 0, 2, 3, 5 and 7 of this register.

CR9 Bit 4 of CR35 controls access to bit 5 of this register.

CRC The display start address is a 20-bit value for the 86CM65. The extension bits (20-
16) are bits 4-0 of CR69.

CRE The cursor location address is a 20-bit value for the 86CM65. The extension bits
(20-16) are bits 4-0 of CR69.
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CR10 In addition to the standard VGA extensions (bit 8 is bit 2 of CR7, bit 9 is bit 7 of
CR7), bit 10 is bit 4 of CR5E. Bit 4 of CR35 controls access to this register. The
flat panel equivalent is SR6C.

CR11 Bit 4 of CR35 controls access to bits 3-0 of this register. Bit 6 (3/5 refresh cycles
per line) can be overridden by CR3A_2-0. Setting bit 1 of CR33 to 1 disables the
write protect effect of bit 7 of this register on bits 1 and 6 of CR7. The flat panel
equivalent is SR6D.

CR12 In addition to the standard VGA extensions (bit 8 is bit 1 of CR7, bit 9 is bit 6 of
CR7), bit 10 is bit 1 of CR5E. The flat panel equivalent is SR69.

CR13 Bit 2 of CR43 is the old extension bit (bit 8) of this register. Bits 54 of CR51 are
the new extension bits (bits 9-8) of this register.

CR15 In addition to the standard VGA extensions (bit 8 is bit 3 of CR7, bit 9 is bit 5 of

CR9), bit 10 is bit 2 of CR5E. Bit 4 of CR35 controls access to this register. The
flat panel equivalent is SREGA.

CR16 Bit 4 of CR35 controls access to this register. The flat panel equivalent is SR6B.

CR17 Bit 5 of CR35 controls access to bit 2 of this register.

CR18 in addition to the standard VGA extensions (bit 8 is bit 4 of CR7, bit 9 is bit 6 of
CR9), bit 10 is bit 6 of CR5E.

AROO-AROF Bit 6 of CR33 controls access to these registers.

3C6H-3C9H Bit 4 of CR33 controls writes to these registers.

For a detailed discussion of VGA programming, see Programmer’s Guide to the EGA, VGA and Super
VGA Cards, 3rd Edition by Richard F. Ferraro (Addison-Wesley Publishing Company, Inc).

15.2 VESA SUPER VGA SUPPORT

The 86CM65 supports the extended (Super) VGA modes defined by VESA. All modes are accelerated
by the Graphics Engme except for the planar (4 bits/pixel) ones.
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Section 16: Enhanced Mode Programming

Enhanced mode provides a level of performance far beyond what is possibie with the VGA architecture.
Hardware line drawing, BitBLT, rectangle fill and other drawing functions are implemented. Also
implemented are data manipulation functions, such as data extension, data source selection, and
read/write bitplane control. Hardware clipping is supported by 4 registers that define a rectangular
clipping area. While in Enhanced mode, the display memory bit map can be updated in two ways. One
is to have the CPU write directly to memory. (This is also possible in non-Enhanced modes via paging.)
The other is to have the CPU issue commands to the Graphics Engine, which then controls pixel
updating. This section explains these two methods and provides a comprehensive set of Enhanced
mode programming examples.

16.1 LINEAR ADDRESSING FOR DIRECT VIDEO MEMORY CPU ACCESSES

Linear addressing is useful when software requires direct access to display memory. Enhanced mode
operation must be enabled before linear addressing is enabled. This means that bit 0 of 4AE8H is set
to 1to enable Enhanced mode functions and bit 3 of CR31 is set to 1 to specify Enhanced mode memory

mapping.

The 86CM65 provides linear addressing of up to 2 MBytes of display memory. The Graphics Engine
busy flag, bit 9 of SAE8H, should be verified to be 0 (not busy) before linear addressing is enabled by
setting bit 4 of CR58 to 1. The size of the linear address window is set via bits 1-0 of CR58. The base
address for the linear addressing window is set via CR59 and CR5A (or via the Base Address 0 (Index
10H) PCI configuration register).

For operation in real mode, the linear addressing window size can be set to 64 KBytes. The base address
for the window is set to AO0O0OH by programming bits 31-16 of the window position in CR59-CR5A to
000AH. The memory page offset (64K bank) specified in bits 4-0 of CR6A is added to the linear
addressing window position base address, allowing access to up to 4 MBytes of display memory
through a 64-KByte window.

The above discussion applies when the 86CM65 is programmed for backwards-compatible MMIO
operation. See Section 16.3.2 for instructions on how to perform linear addressing when new MMIO
is enabled.
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16.2 VIDEO MEMORY ACCESS THROUGH THE GRAPHICS ENGINE

When updating the display bitmap through the Graphics Engine, all CPU data moves through the Pixel
Data Transfer registers (E2E8H and E2EAH). These can be memory mapped as explained in Memory
Mapping of Enhanced Mode Registers later in this section.

The Graphics Engine manipulates the bits for each pixel to assign a color index or true color value,
which is then translated via a programmable RAMDAC before being displayed on a CRT. Selected bits
in a pixel can be masked off from being displayed by programming the DAC Mask register (3C6H). The
86CM65 can manipulate 64 bits each clock cycle, from two 32-bit pixels to eight 8-bit pixels.

Figure 16-1 is a flowchart for the process of updating the color of each pixel. Start at the block labeled
‘New Color’ in the middle of Figure 16-1. At this stage, a color has been determined that may or may
not be used to update a pixel in the bitmap. How this color is determined will be covered later.

The first hurdle for the new color is the color compare process. If this is turned off (bit 8 of BEESH,
Index OEH = 0), the new coloar is passed to the Write Mask register (AAE8H). If the plane to which the
pixel update is directed has been masked off in this register, no update occurs. Otherwise, the new
color value is written to the bitmap.

If color compare is enabled (bit 8 of BEE8H, Index OEH = 1), the new color value {source) is compared
to a color value programmed into the Color Compare (B2E8H) register. The sense of the color
comparison is determined by the SRC NE (source not equal) bit (bit 7) of BEE8H, Index OEH. If this bit
is 0, the new pixel color value is passed to the write mask only when the source color does not match
the color in the Color Compare register. If this bit is 1, the new pixel color value is passed to the write
mask only when the source color matches the color in the Color Compare register. If the new pixel
color value is not passed to the write mask, no update occurs. Notice that the source color is used for
the comparison, as opposed to the destination (bitmap) color used by the standard VGA color compare
operation.

The new color is the result of a logical mix performed on a color source and the current color in the
bitmap. For example, the color source could be XORed with the bitmap color. The new color can also
be selected by operating on only the color source or the bitmap color, e.g., NOT color source. Both the
color source and the logical mix operation are specified in either the Background Mix register (B6ESH)
or the Foreground Mix register (BAESH). Which of these two registers is used is determined by the
settings of bits [7:6] of the Pixel Control register (BEE8H, Index 0AH).

To set up the pixel color updating scheme, the programmer specifies one of four color sources by
writing bits 6-5 of the Background Mix and Foreground Mix registers. The color sources are:

Background Color register (A2E8H)
e  Foreground Color register (A6ESH)
e  CPU (via the Pixel Data Transfer registers (E2E8H, E2EAH))
e  Current display bitmap color index

- One of 16 logical operations is chosen by writing bits 3-0 of the Background Mix and Foreground Mix
registers. Examples of logical operations are making the new pixel color index equai to the NOT of the
current bitmap color index or making the new index equal to the XOR of the source and current bitmap
indices.

When the logical operation and color source have been specified in the Background and Foreground
Mix registers, bits 7-6 of the Pixel Control register are written to specify the source of the mask bit
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Figure 16-1. Pixel Update Flowchart
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value. If the resulting mask bit is a ‘ONE’, the Foreground Mix register is used to determine the color
source and mix. If the mask bit is a "ZERO’, the Background Mix register is used to determine the color
source and mix. There are three sources for the mask bit value:

e  Always ONE (Foreground Mix register used)
e  CPU (via the Pixel Data Transfer registers (E2E8H, E2EAH))
e  Bitmap

Setting bits 7-6 to 00b sets the mask bit to ‘ONE’. Ali drawing updates to the video bitmap use the
Foreground Mix register settings. This setup is used to draw solid lines, through-the-plane image
transfers to display memory and BitBLTs.

If bits 7-6 are set to 10b, the mask bit source is the CPU. After the draw operation command is issued
to the Drawing Command register (3AE8), a mask bit corresponding to every pixel drawn on the display
must be provided via the Pixel Data Transfer register(s). If the mask bit is “ONE’, the Foreground Mix
register is used. If the mask bit is “ZERO’, the Background Mix register is used. Note that if the color
source is the CPU, the mask bit source cannot also be the CPU, and vice versa. This setup is used to
transfer monochrome images such as fonts and icons to the screen.

If bits 7-6 are set to 11b, the current display bit map is selected as the mask bit source. The Read Mask
register (AAE8H) is set up to indicate the active planes. When all bits of the read-enabled planes for a
pixel are a 1, the mask bit ‘ONE’ is generated. If any one of the read-enabled planes is a 0, then a mask
bit “ZERO’ is generated. If the mask bit is ‘ONE’, the Foreground Mix register is used. If the mask bit is
'ZERO’, the Background Mix register is used. Note that if the color source is the bitmap, the mask bit
source cannot also be the bitmap, and vice versa. This setting is used to BitBLT patterns and character
images.

16.3 MEMORY MAPPING OF REGISTERS

The 86CM65 provides two memory-mapped I/O (MMIO) schemes. One method is identical to that
provided by the Trio64 and provides compatibility with older software. This provides memory mapping
of a limited number of Enhanced mode registers plus the LPB and Streams Processor registers. Packed
register access is also provided. The second method incorporates linear addressing and provides
memory mapping of all registers, including the packed registers. The second method also allows big
or little endian addressing. Each of these MMIO methods is described below.

16.3.1 Backward-Compatible MMIO

Most of the Enhanced registers can be memory-mapped (MMIO). This function is enabled by setting
bits 5-4 of CR53 to 10b.

Image writes normally made via I/O addresses E2E8H and E2EAH (the Pixel Data Transfer registers)
are made instead by accessing any memory location in the 32-KByte address space from A0OOOH to
A7FFFH. This allows efficient use of the MOVSW and MOVSD assembly language commands. Accesses
must be to even word or doubleword addresses, depending on the specification of the bus width via

bits 10-0 of 98E8H. Scoftware must not make E2E8H, E2ZEAH writes beyond the A7FFFH range.

Accesses to the Enhanced command registers are made to particular locations in the AB000H to AFFFFH
address range as shown in Table 16-1. Both 16-bit reads and writes are supported. Only 32-bit writes
(bit 9 of BEESH_E set to 1) are supported.
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If MMIO is enabled, bit 7 of SR9 allows register access to be either I/O or MMIO or MMIO only.

Table 16-1 Enhanced Registers Memory Mapping

Register Mnemonic 1/O Address (Hex) Register Packed MMIO
MMIO = Axooxx Mnemonic Address (Hex)
(Packed) (Ax0x)
CUR_Y, CUR_X 82E8, 86E8 ALT_CURXY 8100, 8102
DESTY_AXSTP, DESTX_DIASTP BAES, 8EES ALT_STEP 8108, 810A
ERR_TERM 92E8 8110
CMD 9AE8 8118
SHORT_STROKE 9EES8 811C
BKGD_COLOR A2E8 8120
FRGD_COLOR ABE8 8124
WRT_MASK AAES 8128
RD_MASK AEES8 812C
COLOR_CMP B2E8 8130
BKGD_MIX, FRGD_MIX B6ES, BAES ALT_MIX 8134, 8136
SCISSORS_T, SCISSORS_R BEES_1, BEES 2 8138, 813A
SCISSORS_B, SCISSORS_R BEE8S_3, BEES_4 813C, 813E
PIX_CNTL, MULT_MISC2 BEE8S_A, BEES D 8140, 8142
MULT_MISC, READ_SEL BEE8_E, BEES_F 8144
MIN_AXIS_PCNT, MAJ_AXIS_PCNT | BEES8 0, 96E8 ALT_PCNT 8148, 814A
PIX_TRANS E2E8, E2EA PIX-TRANS

For improved performance, most of the Enhanced mode registers can also be written (but not read)
via a packed configuration. The 16-bit registers are paired so that two registers can be accessed via a
single 32-bit write. The addresses for this packed configuration are given in Table 16-1. The packed
register access function is enabled when MMIO is enabled.

The 86CM65 supports the Trio64 MMIO scheme when bits 4-3 of CR53 are programmed to 10b and bit
5 of CR53 is cleared to 0. In addition, the LPB and Streams Processor registers are also accessible in
the A8000H - AFFFFH window. If bit 5 of CR53 is set to 1, the registers are accessible in the BSOOOH -
BFFFFH window. However, image writes cannot be made to BOOOOH - B7FFFH. This region and the
entire AOOOOH - AFFFFH region are left free for VGA memory and other uses.

The Trio64 scheme is also available as explained in the previous paragraph when bit 4-3 of CR53 are
set to 11b. In this case, the registers can be accessed either by this scheme or by the new MMIO
explained in the next section.
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16.3.2 New MMIO

The new MMIO method for the 86CM65 provides a 64-MByte addressing window starting at the base
address specified in CR59-5A. This space is divided into a 32-MByte space for little endian (Intel-style)
addressing and a 32-MByte space for big endian (Power PC-style) addressing. All registers and data
transfer locations are mapped into this area as shown in Table 16-2.

Table 16-2 New MMIO Addresses

Lower 32 MBytes - Little Endian Addressing
Description Offset From Base (Hex)
Linear Addressing (16M) 000 0000 - OFF FFFF
Image Data Transfer (32K) 100 0000 - 100 7FFF
PCI Configuration Space Registers 100 8000 - 100 8043
Packed Enhanced Registers 100 8100 - 100 814A
Streams Processor Registers 100 8180 - 100 81FF
Current Y Position Register 100 82E8
CRT VGA 3B? Registers 100 83B0 - 100 83Bx
CRT VGA 3C? Registers 100 83C0 - 100 83Cx
CRT VGA 3D? Registers 100 83DO - 100 83Dx
Subsystem Status Enhanced Register (42E8H) 100 8504
Advanced Function Control Register (4AE8H) 100 850C
Enhanced Registers 100 86E8 - 100 EEEA
Local Peripheral Bus Registers 100 FFQOO0 - 100 FF5C

The new MMIO (only) is enabled by setting bits 4-3 of CR53 to 01b. It is also enabled in conjunction
with the old MMIO scheme when bits 4-3 of CR53 are set to 11b. This is the default configuration,
allowing PCI software immediate access to all registers and the ability to relocate the address space.
To allow MMIO accesses only, bits 1-0 of the PCl Command register (offset 04H) can be programmed
to 10b.

With the new MMIO enabled, the first 16 MBytes of each 32M address space (big and little endian) are
dedicated to linear addressing. A maximum of 2 MBytes of each address space (starting at the lowest
address of the space) is usable with the 86CM65. The base address is taken from bits 31-26 of the linear
address window position (bits 7-2 of CR59 or the high order 6 bits of the PCl Base Address 0). This is
concatenated with the display memory address specified by the programmer.

In addition to enabling the new MMIO, the programmer must also enable linear addressing and specify
the window size exactly as required for the old linear addressing. Note that since only bits 31-26 are
used to specify the base address, AOOOOH cannot be specified and the 64K banking scheme possible
with the old linear addressing cannot be used with the new linear addressing.

When big endian addressing is used, the required byte swapping for linear addressing is specified by
bits 2-1 of CR53. This applies to both reads and writes.
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16.4 PROGRAMMING

Three different programming schemes are available, 1/0, standard MMIO and packed register MMIO.
Examples of how each is used to assign vertical and horizontal coordinates to Current X and Y Position
registers (82E8H and 86E8H) are:

/0 Format:

MOV DX,CUR_X
MOV AX,X
OUT DX,AX
MOV DX,CUR_Y
MOV AX)Y
OUT DX,AX

Standard MMIO Format:

Enable MMIO

Point ES to AOOOH

Load x and y values into AX and BX
MOV ES:[CUR_Y], BX

MOV ES:[CUR_X], AX

Packed Register MMIO:

Enable MMIO

Point ES to AOOOH

Load the x and y values into EAX (y value in the low word and x value in the high word), l.e.,
31 0

15
EAX & | X i Y |
MOV ES:[ALT_CURXY], EAX

The packed register MMIO scheme is the most efficient and is used where appropriate in the
programming examples provided later in this section. All assume that the ES register points to AOOOH.

16.4.1 Notational Conventions

The REGMNEMONIC on the left hand side of the arrow is the register mnemonic of the I/O port being
written into. Text following a ;' is a comment.

REGMNEMONIC <& XXXXH ; Load a hexadecimal value into the register.
REGMNEMONIC < XXXXD ; Load a decimal value into the register.
REGMNEMONIC & XXXX ; Load a decimal value into the register

REGMNEMONIC < XXXXXXXXXXXXXXXXB ; Load a binary value into the register.
Image transfers (CPU pixel data writes to the frame buffer) are notated as follows:

COUNT
PIX_TRANS < IMAGEDATA
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The COUNT is the number of CPU writes. PIX_TRANS means either the E2E8H, E2EAH pixel transfer
registers or the 32K memory space from A0000H to A7FFFH as explained in Section 16.3.1 above.

16.4.2 Initial Setup

All examples assume the desired mode is selected.

The Bitmap Access Through the Graphics Engine section earlier in this section explains in detail how
the colors, mixes and the data extensions are set for each example. These registers need not be set
repeatedly before a series of draw commands if they use the same colors, mixes and data extension.

All bitmap updates are affected by the settings in the clipping registers (BEE8H, Indices 1-4) and the
choice of internal or external clipping (BEE8H, Index E, bit 5). These must be set up so they include the
area being drawn into.

If color compare is to be used, it must be enabled by setting bit 8 of BEE8H, Index OEH to 1. Bit 7 of this
register determines whether a TRUE or FALSE comparison allows the pixel update to continue. The
comparison color is programmed into the Color Compare register (B2E8).

All planes are enabled for writing unless explicitly set otherwise in an example. This is done via the
Write Mask register (AAE8H).

16.4.3 Programming Examples

This section provides programming examples for the following Enhanced mode drawing operations:

e Solid Line

e  Textured Line

*  Rectangle Fill Solid

e Image Transfer—Through the Plane
e Image Transfer—Across the Plane
e  BitBLT—Through the Plane

e  BitBLT—Across the Plane

e  PatBLT—Through the Plane

e  PatBLT—Across the Plane

e  Short Stroke Vectors

¢  Programmable Hardware Cursor

Some programming steps are repeated in multiple examples. They are explained in detail at their first
occurrence. Therefore, readers are encouraged to work through the examples from first to last. The
register mnemonics used in the examples are listed in Table 15-1. Other mnemonics used are:

Mnemonic Descrintion

NEW Mix = 00111b in bits 4-0 of BAE8H or B6E8H. This overwrites the present
bitmap color value with a new value. )

XOR Mix = 00101b in bits 4-0 of BAE8H or B6E8BH. The current bitmap color is

XORed with the new color.

16-8 ENHANCED MODE PROGRAMMING



#3 86CM65 Dual Display Accelerator

83 Incorporated

16.4.3.1 Solid Line

This command draws a one pixel wide solid line from screen coordinates x1,y1 to x2,y2. Bresenham
parameters are used to define the line. The Pixel Control register (BEE8H, Index AH) must be set to
AOO0OH to select the Foreground Mix register to specify the color source and mix type.

Setup:

Drawing a line using axial coordinates requires programming the axial step constant into the Destina-
tion Y-Position/Axial Step Constant (8AE8H) register (DESTY_AXSTP), the diagonal step constant into
the Destination X-Position/Diagonal Step Constant (8EE8H) register (DESTX_DIASTP) and the error
term into the Error Term (92E8H) register (ERR_TERM). Calculation of these Bresenham parameters is
based on the MAX and MIN parameters as calculated below.

MAX = maximum(ABS(x2-x1), ABS(y2-y1))
MIN = minimum(ABS(x2-x1), ABS(y2-y1))

where maximum means choose the largest of the two terms in parentheses and minimum means
choose the smallest. ABS means take the absolute value of the expression.

Bits 7-5 of the Drawing Cemmand (9AE8H) register (CMD) specify the drawing direction. Setting bit 7
to 1 means that the Y drawing direction is positive (y1 < y2). Clearing bit 7 to 0 means the Y drawing
direction is negative (y1 > y2). Setting bit 6 to 1 means that Y is the major (longer) axis (ABS(x2-x1) >
ABS(y2-y1)). Clearing bit 6 to 0 means that X is the major axis. Setting bit 5 to 1 means that the X
drawing direction is positive (x1 <x2). Clearing bit 5 to 0 means that the X drawing direction is negative
(x1 > x2). These values replace the DDD sequence in the write to the CMD register shown in the
pseudocode below.

The mix NEW represents a setting of 0111b in bits 3-0 of the Foreground Mix (BAE8H) register
(FRGD_MIX). This overwrites the present bitmap color value with a new value.

The remainder of the setup is:

ES:[FRGD_MIX] <= 0027H ; color source is FRGD_COLOR, mix type is NEW
ES:FRGD_COLOR] < 00000002H ; color index
ES:[PIXEL_CNTL] < AO0OOH ; FRGD_MIX provides color source and mix type

Drawing Operation:

31 15 0
ES:[ALT_CURXY] < | x1 | y1 ; set starting coordinate

ES:IMAJ_AXIS_PCNT] & MAX - 1 ; length in pixels of the major axis - 1
31 15 0

ES:[ALT_STEP] <=|2*(MIN—-MAX)| 2*MIN ; diagonal and axial step constants

If the X drawing direction is positive then

ES:[ERR_TERM] <= 2 * MIN - MAX ; error term
else if the X drawing direction is negative
ESIERR_TERM] < 2 * MIN - MAX -1 ; error term

ES:[CMD] < 00100000DDD10001b ; Draw line command (bits 15-13, 11), draw (as opposed to
; just move current position)(bit 4), bit 0 is always 1
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16.4.3.2 Textured Line

The line draw command can be used to draw a one pixel wide textured line from screen coordinates
x1,y1 to x2,y2. The texture is created by (1) setting bits 7-6 of the Pixel Control register (BEE8H, Index
AH) to A080H to specify the CPU as the source of the mask bit selecting the mix register, (2) specifying
a background and foreground color, (3) setting bit 8 of the Command register (9AE8H) to 1 (wait for
CPU data) and (4) setting bit 1 of the Command register to 1 (multi-pixel). When the pattern bit sent by
the CPU is a 1, the Foreground Mix register specifies the color source and mix. When the bitis a 0, the
Background Mix register specifies the color source and mix. This example uses the mix NEW for the
foreground mix, XOR for the background mix, foreground color index 2 and background color index
4. The 32-bit line texture/pattern (PATTERN) is 00110000111100110011000011110011b. This requires
that bits 10-9 of the Command register be set to 10b to specify a 32-bit bus.

Setup:

The XOR mix corresponds to a setting of 0101b in bits 3-0 of the Background Mix (B6E8H) register
(BKGD_MIX). See the Solid Line example for an explanation of other parameters and registers used in
this example.

31 15 0
ESIALT_MIXl¢=| 0027H | 0005H | ; FRGD_COLOR is color source and NEW is mix,
; BKGD_COLOR is color source and XOR is mix

ES:[FRGD_COLOR] < 00000002H ; color index
ES:[BKGD_COLOR] «< 00000004H ; color index
ES:[PIXEL_CNTL] < A080H ; mask data selecting mix register is provided by the CPU

Drawing Operation:

31 15 0
ES:[ALT_CURXY] ¢=| x1 [ y1 | ; set starting coordinates
ES:[MAJ_AXIS_PCNT < MAX - 1 ; length in pixels of the major axis - 1
31 15 0

ES:ALT_STEP] «=[2*(MIN-MAX)]  2*MIN | ; diagonal and axial step constants

If the X drawing direction is positive then

ES:[ERR_TERM] < 2 * MIN - MAX ;error term
else if the X drawing direction is negative
ESIERR_TERM] < 2 * MIN - MAX -1 ; error term

ES:[CMD] «< 00100101DDD10011b ; Draw line (bits 15-13, 11), 32-bit bus (bits 10-9), wait for data
; from the CPU (bit 8), draw (bit 4), multi-pixel (bit 1)

COUNT (of PATTERN dwords) = (MAX + 31)/32 (See Note)
PIX_TRANS < 00110000111100110011000011110011b  ; Output PATTERN to Pixel Data Transfer
; registers COUNT times

Note

The COUNT of the number of writes required by the CPU is a function of the number of bits to be
transferred and the width of the transfer (8, 16 or 32 bits as specified by bits 10-9 of the Drawing
Command register (9AE8H)). The number of bits transferred per line must be an even multiple of the
transfer width. If this is not the case, the last write per line must be padded with one or more dummy
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bits to meet this requirement. For example, if the transfer width is 8 bits and nine bits are to be
transferred for the line, two bytes must be written per line, with the upper 7 bits of the second byte
padded. In general, the number of padding bits per line will vary from 0 to (n-1), where n is the transfer
width in bits.

With a transfer width of 8 bits, the number of byte writes required per line can be determined from
the formula n = (MAX+7)/8, with n being truncated to an integer if the result contains a fraction.
Thus a MAX = 11 transfer requires (11+7)/8 = 2 1/4 = 2 bytes. The formulas for all transfer widths are
given below.

8-bit transfers: COUNT = (MAX+7)/8 bytes
16-bit transfers: COUNT = (MAX+15)/16 words
32-bit transfers: COUNT = (MAX+31)/32 dwords
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16.4.3.3 Rectangle Fill Solid

This command draws a solid rectangle with its top left corner at x1,y1, height = HEIGHT and width =
WIDTH. The Pixel Control register (BEE8H, Index AH) must be set to AOOOH to select the Foreground
Mix register to specify the color source and mix type. This example uses the mix NEW and color index
2. The drawing direction (bits 7-5 in the write to the CMD register below) is set to X positive, X major
and Y positive (101b).

Setup:

ES:[FRGD_MIX] < 0027H ; color source is FRGD_COLOR, NEW mix type
ES:[FRGD_COLOR] < 00000002H ; color index

ES:[PIXEL_CNTL] < AOOOH ; FRGD_MIX specifies the color source and mix type

Drawing Operation:
31 15 0

ESALT_CURXY] | X1 | vt | ;setstarting coordinates

31 15 0
|

ES:[ALT_PCNT] <=! WIDTH-1 I HEIGHT-1 ; rectangle width

ES:[CMD] < 0100000010110001b ; Draw rectangle (bits 15-13, 11), draw (bit 4)
Note
The rectangle can be defined by specifying any one of the four corners and setting bits 7-5 accordingly.

Always select X as the major axis (bit 6 =0). No matter how the rectangle is defined, it always fills from
left to right and top to bottom.

Corner X direction (bit 5) | Y direction (bit 7)

top left positive (1) positive (1)

top right negative (0) _positive (1)
bottom left positive (1) negative (0)
bottom right negative (0) negative (0)
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16.4.3.4 Image Transfer—Through the Plane

This command transfers a rectangular image from the CPU to the display memory through the plane.
"through the plane" means the complete color index is transferred for each pixel, e.g., in 8 bits/pixel
mode, one byte is required to transfer one pixel to memory. The image is stored as an array of pixels
arranged in row major fashion {consecutively increasing memory addresses). The Pixel Control register
must be set to AOOOH to select the Foreground Mix register to specify the color source and mix type.
The color source must be specified as the CPU. Bit 12 of the Command register must be set to 1 (swap
ON) for Intel-type architectures. Bit 8 of the Command register must be set to 1 (wait for CPU data) and
bits 6 and 5 must also be set to 1 to specify X as the major axis and a left-to-right drawing direction.
This example uses a mix type of NEW and x1,y1 is the top left corner of the rectangle on the screen.
The height and width of the rectangle (in pixels) are HEIGHT and WIDTH. Doublword CPU writes are
supported by setting bits 10-9 of the Command register to 10b.

Setup:
ES:[FRGD_MIX] < 0047H ; color source is the CPU, mix type is NEW
ES:[PIXEL_CNTL] < AO00H ; FRGD_MIX is the source for color source and mix type

Drawing Operation:

31 15 0
ES:[ALT_CURXY] <=| x1 | y1 | ; set destination starting coordinates

31 15 0
|

ES:[ALT_PCNTI] <=| WIDTH-1 | HEIGHT-1 ; rectangle width

Wait for Graphics Engine not busy  ; loop till bit 9 of 9AE8H register is 0
ES:[CMD] < 01010101D0110001b ; Draw rectangle (bits 15-13, 11), swap ON (bit 12),
; 32-bit transfers (bits 10-9), wait for CPU data (bit 8),
; always X Major (bit 6) & X Positive (bit 5), draw (bit 4)

COUNT (of image pixel data to transfer) = (See Note)
PIX_TRANS < IMAGEDATA,; Output image data to the Pixel Data Transfer registers for COUNT dwords.

Note

The COUNT of the number of writes required by the CPU is a function of the number of pixels to be
transferred, the width of the transfer (8, 16 or 32 bits as specified by bits 10-9 of the Drawing Command
register (9AE8H)) and the color depth (bits/pixel). The number of pixels transferred per line must be an
even multiple of the transfer width. If this is not the case, the last write per line must be padded with
one or more dummy pixels to meet this requirement. For example, at 4 bits/pixel, each byte holds two
pixels. If the transfer width is one byte and three pixels are to be transferred per line, two bytes must
be written per line, with the upper nibble of the second byte a dummy pixel. If the transfer width is 16
bits, from one to three dummy pixels may be required to make the number of pixels per line an even
multiple of 16. The number of word writes required per line can be determined from the formula n =
(W+3)/4, with n being truncated to an integer if the result contains a fraction. Thus a six pixel transfer
requires (6+3)/4 = 2.25 = 2 words. This is then multiplied by the height of the image (in pixels) to
determine the COUNT of words to be transferred. Similar procedures apply to every other combination
of the variables affecting the COUNT. The formulas for all cases are given below, where W is the width
of the image and H is the height of the image, both in pixels.
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COUNT for 4 bits/pixel modes

8-bit transfers: COUNT = (W+1)/2 * H bytes
16-bit transfers: COUNT = (W+3)/4 * H words
32-bit transfers: COUNT = (W+7)/8 * H dwords
COUNT for 8 bits/pixel modes

8-bit transfers: COUNT = W * H bytes

16-bit transfers: COUNT = (W+1)/2 * H words
32-bit transfers: COUNT = (W+3)/4 * H dwords
COUNT for 16 bits/pixel modes

8-bit transfers: Do not use this combination
16-bit transfers: COUNT = W * H words

32-bit transfers: COUNT = (W+1)/2 * H dwords

COUNT for 32 bits/pixel modes

8-bit transfers: COUNT = Do not use this combination

16-bit transfers: COUNT = 2W * H words
32-bit transfers: COUNT = W * H dwords

Note that in 32 bits/pixel modes, the upper byte is a dummy byte providing padding for a 24-bit

pixel.
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16.4.3.5 Image Transfer—Across the Plane

The image transfer command can also be used to transfer a rectangular image from the CPU to the
display memory across the plane. "across the plane” means that each bit sent by the CPU is stored in
display memory as a single pixel. These pixels are arranged in row major fashion (consecutively
increasing memory addresses). An "across the plane” transfer is created by (1) setting bits 7-6 of the
Pixel Control register (BEE8H, Index AH) to AO80H to specify the CPU as the source of the mask bit
selecting the mix register, (2) specifying a background and foreground color, (3) setting bit 8 of the
Command register (9AE8H) to 1 (wait for CPU data) and (4) setting bit 1 of the Command register to 1
(multi-pixel). When the pattern bit sent by the CPU is a 1, the Foreground Mix register specifies the
color source and mix. When the bit is a 0, the Background Mix register specifies the color source and
mix. This example uses a mix type of NEW, and x1,y1 is the top left corner of the rectangle on the
screen. The height and width of the rectangle (in pixels) are HEIGHT and WIDTH. The monochrome
image is translated so that pixels corresponding to a 1 in the bit image are given color index 4 and
pixels corresponding to a 0 in the bit image are given color index 0. This example uses word transfers
from the CPU as specified by setting bits 10-9 of the Command register to 01b for a 16-bit bus width.

Setup:
31 15 0
ESIIALT_MIX] < | 0027H [ 0005H ; FRGD_COLOR color source and mix is NEW
; BKGD_COLOR is color source and mix is XOR
ES:[FRGD_COLOR] < 00000004H ; foreground color index 4
ES:[BKGD_COLOR] < 00000000H ; background color index 0

ES:[PIXEL_CNTL] < A080H ; selection of mix register is based on data from the CPU
Drawing Operation:

31 15 0
ESIALT_CURXYl«=| x1 | y1 | ;setdestination starting coordinates

31 15 0
| ; rectangle width

ES:[ALT_PCNT] & [ WIDTH-1 [ HEIGHT-1

Wait for Graphics Engine not busy  ; loop till bit 9 of 9AE8H register is 0

CMD < 01010011D0110011b ; Draw rectangle (bits 15-13, 11), swap ON (bit 12),
; 16-bit transfers (bits 10-9), wait for CPU data (bit 8),
; always X Major (bit 6) & X Positive (bit 5), draw (bit 4),
; multi-pixel (bit 1)

COUNT (of image pixel data to transfer) = ((WIDTH +15)/16)*HEIGHT words
PIX_TRANS « IMAGEDATA; Output image data to Pixel Transfer register for COUNT words

Notes

The COUNT of the number of writes required by the CPU is a function of the number of pixels to be
transferred and the width of the transfer (8, 16 or 32 bits as specified by bits 10-9 of 9AE8H). Except for
the case where bits 10-9 of 9AE8H are 11b, the number of pixels transferred per line must be an even
multiple of the transfer width. If this is not the case, the last write per line must be padded with one or
more dummy pixels to meet this requirement. For example, if the transfer width is 8 bits and nine
pixels are to be transferred per line, two bytes must be written per line, with the upper 7 bits of the
second byte padded. In general, the number of padding bits per line will vary from 0 to (n-1), where n
is the transfer width in bits.
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With a transfer width of 8 bits, the number of byte writes required per line can be determined from the
formula n = (W+7)/8, with n being truncated to an integer if the result contains a fraction. Thus a 13-bit
pixel transfer requires (13+7)/8 = 2.5 = 2 bytes. This is then multiplied by the height of the image (in
pixels) to determine the COUNT of bytes to be transferred. Similar procedures apply to every other
combination of the variables affecting the COUNT. The formulas for all cases are given below, where
W is the width of the image and H is the height of the image, both in pixels.

8-bit transfers: COUNT = (W+7)/8 * H bytes (9AE8H_10-9 = 00b)

16-bit transfers: COUNT = (W+15)/16 * H words (9AE8H_10-9 = 01b)

32-bit transfers: COUNT = (W+31)/32 * H dwords (9AES8H_10-9 = 10b)

New 32-bit transfers: COUNT = (((W+7)/8%H)+3)/4 dwords (SAE8H_10-9 = 11b) (Trio32 only)

The differences between the two 32-bit transfer options are:

1. For 9AE8H_10-9 set to 10b, every line of the transfer must start with a fresh doubleword. In other
words, all unneeded bits in a doubleword transfer for a given line are discarded. After a rectan-
gular image is transferred, the current drawing position is a the bottom left, meaning the next
rectangle, if drawn, will be below the previous rectangle.

2. For 9AE8H_10-9 set to 11b, only bits from the end of the line width to the next byte boundary are
discarded. Data for the next line begins with the next byte. After a rectangular image is trans-
ferred, the current drawing position is a the top right, meaning the next rectangle, if drawn,
will be to the right of the previous rectangle.

To write to a single plane, set the foreground mix to ‘logical one’ (0002H), the background mix to ‘logical
zero’ (0001H), and the Write Mask register (AAE8H) to select the desired (single) plane for updates.
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16.4.3.6 BitBLT—Through the Plane

This command copies a source rectangular area in display memory to another location in display
memory. The Pixel Control register must be set to AOOOH to select the Foreground Mix register to
specify the color source and mix type. The color source must be specified as the bitmap (display
memory). Bit 6 of the Command register must be set to 1 to specify X as the major axis. For this
example, assume x1,y1 is the top left corner of the source rectangle in display memory and x2,y2 is
the top left corner of the destination rectangle. The rectangles can be overlapping or disjoint. The height
and width (in pixels) of the rectangle being copied are HEIGHT and WIDTH.

Setup:
First, the values of the Srcx, Srcy, Destx and Desty must be determined.
Case 1: Source and destination rectangles do not overlap
For X Positive, Y Positive: Srcx = x1, Srcy = y1, Destx = x2, Desty = y2
Case 2: Source and destination rectangles overlap
If x1>x2

then if X Positive, Srcx = x1, Destx = x2
else

Srex = x1 + WIDTH -1, Destx = x2 + WIDTH -1 ; X Negative
Ifyl>y2

then if Y Positive, Srcy = y1, Desty = y2

else
Srcy =y1 + HEIGHT -1, Desty = y2 + HEIGHT -1 ;'Y Negative

ES:[PIXEL_CNTL] «<= AOOOH ; FRGD_MIX is the source of color source and mix type
ES:[FRGD_MIX] < 0067H ; color source is display memory and mix type is NEW
Draw Operation:
31 15 0

ESIALT_CURXY]«=| Srcx | Srcy | ;setstarting coordinates

31 15 0
ES:ALT_STEP] &< | Destx | Desty | ; set destination coordinates

31 15 0

ES:[ALT_PCNT] = | WIDTH-1 | HEIGHT-1| ; rectangle width and height

ES:[CMD] < 11000000D0D10001b ; BitBLT (bits 15-13, 11), always X Major (bit 6) , draw (bit 4)
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16.4.3.7 BitBLT—Across the Plane

This uses the same command as a BitBLT through the plane. However, instead of copying complete
pixels (with color affected only by the mix), this ‘across the plane" transfer uses only the bits in the
color planes specified by setting the Read Mask register (AEE8H), e.g., bit 3 of every pixel, to determine
the destination rectangle. With more than one plane enabled for read, if all the bits in the planes enabled
for read are ‘1's then a ‘1’ is read. If a bit in any one of the planes enabled for read is a ‘0, then ‘0’ is
read. An “across the plane" transfer is created by (1) setting bits 7-6 of the Pixel Control register (BEE8H,
Index AH) to AOCOH to specify the bitmap as the source of the mask bit selecting the mix register, (2)
programming the Read and Write Mask registers to specify the plane to read from and write to and (3)
setting bit 1 of the Command register to 1 (multi-pixel). In this example, when the bitreadisa 1,a 1is
copied as specified by the foreground mix. When the bit read is a 0, a 0 is copied as specified by the
background mix. Assume x1,y1 is the top left corner of the source rectangle on the display, and x2,y2
is the top left corner of the destination rectangle. The image is read from plane 0 and written to plane
2. The rectangles could be overlapping or disjoint. The height and width (in pixels) of the rectangle are
HEIGHT and WIDTH.

Setup:
First, the values of the Srcx, Srcy, Destx and Desty must be determined.
Case 1: Source and destination rectangles do not overlap
For X Positive, Y Positive: Srcx = x1, Srcy = y1, Destx = x2, Desty =y2
Case 2: Source and destination rectangles overlap
If x1>x2

then if X Positive, Srcx = x1, Destx = x2
else

Srcx = x1 + WIDTH -1, Destx = x2 + WIDTH -1 ; X Negative
fyl>y2 .

then if Y Positive, Srcy = y1, Desty = y2

else
Srcy =y1 + HEIGHT -1, Desty =y2 + HEIGHT -1 ;'Y Negative

ES:[PIXEL_CNTL;: AOCOH ; data from display memory selects mix register

1 15 0

ES:HALT_MIX]«| 0002H | 0001H | ; result of foreground mix is always logical 1,
; result of background mix is always logical 0

ES:[RD_MASK] < 00000001H ; read from plane 0

ES:[WRT_MASK] « 00000004H ; plane 2 enabled for write
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Draw Operation:

31 15 0
ESIALT_CURXYle=| Srcx | Srcy | :setstarting coordinates

31 15 0
ES:IALT_STEP] | Destx | Desty | ; set destination coordinates

31 15 0
|

ES:ALT_PCNT] <=| WIDTH-1 | HEIGHT-1 ; rectangle width and height

ES:[CMD] < 11000000D0D10001b ; BitBLT (bits 15-13, 11), always X Major (bit 6) , draw (bit 4),
; multi-pixel (bit 1)

Note

It is possible to translate a monochrome image, e.g., text fonts, stored in a single plane in display
memory into a 2-color image. This is accomplished by setting the mix registers differently and setting
the desired background and foreground colors. If the source bit is a ‘1’, then the corresponding pixel
at the destination is colored with the foreground color index. The destination pixel is colored with the
background color index if the corresponding source bit is a ‘0’. The setup for this is as follows:

ES:[WRT_MASK] < FFFFFFFFH ; enable all planes for writing
ES:[FRGD_MIX] < 0027H ; color source foreground, mix type NEW
ES:[BKGD_MIX] < 0007H ; color source background, mix type NEW

ES:[FRGD_COLOR] < 00000004H ; foreground color
ES:[BKGD_COLOR] < 00000001H ; background color
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16.4.3.8 PatBLT—Pattern Fill Through the Plane

An 8x8 pixel pattern is initially copied into an off-screen area of display memory using an image transfer
operation or a direct write (linear addressing). This command then repeatedly tiles this source pattern
into a destination rectangle of arbitrary size. The colors of the destination pixels are affected only by
the mix selected. The destination rectangle must not overlap the source pattern. Each copy is aligned
to an 8-pixel boundary (x coordinate =0, 8, etc.), with pixels outside the destination rectangle boundary
not being drawn. The Pixel Control register must be set to AO0OOH to select the Foreground Mix register
to specify the color source and mix type. The color source must be specified as the bitmap (display
memory). Bit 6 of the Command register must be setto 1 to specify X as the major axis. In this example,
assume x1,y1 is the top left corner of the pixel pattern and x2,y2 is the top left corner of the destination
rectangle. The height and width (in pixels) of the rectangle are HEIGHT and WIDTH.

Setup:
ES:[PIXEL_CNTL] < A00OH ; FRGD_MIX is the source of color source and mix type
ES:[FRGD_MIX] < 0067H ~ ;color source is display memory, mix type is NEW
Draw Operation
15 0

ESHALT CURXYl«<| x1 | y1 | ;setstarting coordinates

31 15 0
ES:[ALT_STEP] < I x2 | y2 | ; set destination coordinates

31 15 0
|

ES:ALT_PCNT] «=| WIDTH-1 | HEIGHT-1 ; rectangle width and height

ES:[CMD] «< 11100000D0D10001b ; PatBLT (bits 15-13,11), always X Major (bit 6) , draw (bit 4)
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16.4.3.9 PatBLT—Pattern Fill Across the Plane

This uses the same command as a PatBLT through the plane. However, instead of copying complete
pixels (with color affected only by the mix), this ‘across the plane" transfer uses only the bits in the
color planes specified by setting the Read Mask register (AEE8H), e.g., bit 3 of every pixel, to determine
the destination rectangle. With more than one plane enabled for read, if all the bits in the planes enabled
for read are ‘1's then a ‘1’ is read. If a bit in any one of the planes enabled for read is a ‘0", then ‘0’ is
read. An "across the plane" transfer is created by (1) setting bits 7-6 of the Pixel Control register (BEESH,
Index AH) to AOCOH to specify the bitmap as the source of the mask bit selecting the mix register, (2)
programming the Read and Write Mask registers to specify the plane to read from and write to and (3)
setting bit 1 of the Command register to 1 (multi-pixel). In this example, when the bitreadisa 1,a 1is
copied as specified by the foreground mix. When the bit read is a 0, a 0 is copied as specified by the
background mix. In this example, assume x1,y1 is the top left corner of the pixel pattern and x2,y2 is
the top left corner of the destination rectangle. The image is read from plane 0 and written to plane 2.
The height and width of the destination rectangle are HEIGHT and WIDTH.

Setup:
ES:[PIXEL_CNTL] < AOCOH ; data from display memory selects mix register
31 15 0

ES:[ALT_MIX] ¢=| 0002H —[ 0001H ; result of foreground mix is always logical 1,

: ; result of background mix is always logical 0
ES:[RD_MASK] < 00000001H ; read from plane 0
ES:[WRT_MASK] < 00000004H ; plane 2 enabled for write
Draw Operation:

31 15 0
ESIALT_CURXYl«<| x1 | y1 | ;setstarting coordinates
31 15 0

ESIALTSTEPle<=| x2 | vy2 | ; set destination coordinates

31 15 0
ES:IALT_PCNT] &=| WIDTH-1 [ HEIGHT-1]| ; rectangle width and height

ES:[CMD] < 11100000D0D10011b ; PatBLT (bits 15-13, 11), always X Major (bit 6) , draw (bit 4),
; multi-pixel (bit 1)

Note
To expand the source mono pattern into a 2-color pattern, set the foreground mix to 27H, the

background mix to 7H and the foreground and background colors as desired. Also set the write mask
(AAE8H) to FFFFFFFFH. This needs to be set only once. It is altered only by another write.
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16.4.3.10 Short Stroke Vectors

This command rapidly draws short lines (up to 15 pixels in length). Such lines are constrained to one
of the 8 directions at 45 degree increments starting at 0 degrees. The current point x1,y1is set and a
NOP command is issued to set all the desired drawing parameters without actually writing a pixel. For
example, bit 2 (Last Pixel Off) would be set to 1 (OFF) for drawing connected lines until the last line is
drawn. The short stroke vector parameters are then loaded in the Short Stroke Vector Transfer (9EESH)
register (SHORT_STROKE). Two vectors can be defined at a time, one in the low byte and one in the
high byte. For the low byte, bits [7:5] define the direction, with bit 4 set to ‘1’ for a draw operation or
to ‘0’ for a move current position operation. Bits 3-0 define the length of the short line. Let SSVDO,
SSVD1, ...SSVDN-1 bytes be the short stroke vector data for N lines.

Setup:
ES:[PIXEL_CNTL] < A00OH ; FRGD_MIX is the source of color source and mix type
ES:[FRGD_MIX] < 0027H ; use the foreground color, mix type NEW

ES:[FRGD_COLORJ= 00000004H ; foreground color index 4

Draw Operation: )
15 0
ESIALT_CURXYle| x1 | y1 | ;setstarting coordinates

ES:[CMD] < 00010010XXX11111b ; NOP (bits 15-13, 11), byte swap (bit 12), 16-bit transfers
; (bits 10-9) , draw (bit 4), radial drawing direction (bit 3),
; last pixel off (bit 2), multi-pixel (bit 1)

While space available in the FIFO
ES:[SHORT_STROKE] < SSVD1 SHL 8 + SSVDO0 ; SSVD1 shifted to high byte, SSVDO0 in low byte
ES:[SHORT_STROKE] < SSVD3 SHL 8 + SSVD2 ; byte swap turned on to read vectors out in

; correct order

ES:[SHORT'_STROKE] < SSVDN-1 SHL 8 + SSVDN-2
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16.4.3.11 Programmable Hardware Cursor

A programmable cursor is supported which is compatible with the Microsoft Windows (bit 4 of CR55
=0) and X11 (bit 4 of CR55 = 1) cursor definitions. The cursor size is 64 pixels wide by 64 pixels high,
with the cursor pattern stored in an off-screen area of display memory. Two monochrome images 64
bits wide by 64 bits high (512 bytes per image) define the cursor shape. The first bit image is an AND
mask and the second bit image is an XOR mask. The following is the truth table for the cursor display
logic.

AND Bit | XOR Bit Displayed (Microsoft Windows) | Displayed (X11)
0 0 Cursor Background Color Current Screen Pixel
0 1 Cursor Foreground Color Current Screen Pixel
1 0 Current Screen Pixel Cursor Background Color
1 1 NOT Current Screen Pixel Cursor Foreground Color

The hardware cursor color is taken from the Hardware Graphics Cursor Foreground Stack (CR4A) and
the Hardware Graphics Cursor Background Stack (CR4B) registers. Each of these is a stack of three 8-bit
registers. The stack pointers are reset to 0 by reading the Hardware Graphics Cursor Mode register
(CR45). The color value is then programmed by consecutive writes (low byte, second byte, third byte)
to the appropriate (foreground or background) register.

Enabling/Disabling the Cursor

The hardware cursor is disabled when a VGA-compatible mode is in use. It can be enabled or disabled
when in Enhanced mode (bit 0 of 4AE8H = 1), as follows.

CR39 < AOH ; Unlock System Control registers
CR45_0 <1 ; Enable hardware cursor

CR45. 0<=0 ; Disable hardware cursor

CR39 < 00H ; Lock System Control registers

Positioning the Cursor

The cursor can be positioned at any point on the display, with the X,Y coordinates ranging from 0 to
2047. This enables the full cursor images to be displayed on the screen and partial cursor images to
be displayed at the right edge and the bottom edge of the screen. The cursor offset OX,0Y has to be
set to 0,0 for a 1024x768 resolution. If X is > (1024 - 64) or Y is > (768 — 64), then a partial cursor is
visible at the right edge or top edge of the screen respectively. Note that if Y > 768 then the cursor is
not visible; it is residing in the off-screen area.

A partial cursor image can be displayed at the left edge or the top edge of the screen. To enable partial
cursor display at the top edge of the screen, Y is set to 0 and the Y offset register is set to OY (range
from 0 to 63). This displays the bottom 64-OY rows of the cursor image at the currently set X position
and the top edge of the screen. Similarly, a partial cursor can be displayed at the left edge of the screen
by setting X to 0 and the X offset register to OX (range from 0 to 63). This displays the right 64-0X
columns of the cursor image at the currently set X and the left edge of the screen. The following
pseudocode illustrates cursor positioning.

CR39 < AOH ; Unlock System Control registers
CR46_10-8 <= MS 3 bits of X cursor position
CR47_7-0 «<= LS 8 bits of X cursor position
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CR49_7-0 < LS 8 bits of Y cursor position

CR4E_5-0 « Cursor Offset X position

CR4F_5-0 < Cursor Offset Y position

CR48_10-8 < MS 3 bits of Y cursor position

CR39 < 00H ; Lock System Control registers

The cursor position is updated by the hardware once each frame. Therefore, the programmer should
ensure that the position is re-programmed no more than once for each vertical sync period.

Programming the Cursor Shape

The AND and the XOR cursor image bitmaps are 512 bytes each. These bitmaps are word interleaved
in a contiguous area of display memory, i.e., AND word 0, XOR word 0, AND word 1, XOR word 1 ...
AND word 255, XOR word 255. The starting location must be on a 1024-byte boundary. This location
is programmed into the Hardware Graphics Cursor Start Address registers (CR4C and CR4D) as follows:

CR39 < AOH ; Unlock System Control registers
CR4C_11-8 < MS 4 bits of the cursor storage start 1024-byte segment.
CR4D « LS 8 bits of the cursor storage start 1024-byte segment

CR39 <0 ; Lock System Control registers

The value programmed is the 1024-byte segment of display memory at which the beginning of the
hardware cursor bit pattern is located. For example, for an 800x600x8 mode on a 1 MByte system,
there are 1024 1K segments. Programming CR4C_11-8 with 3H and CR4D with FEH specifies the starting
location as the 1022nd (0-based) 1K segment. The cursor pattern is programmed (using linear
addressing) at FF800H offset from the base address of the frame buffer.

Cursor Destination

If in dual image mode, select the cursor controller source. SR31_7 = 0 selects controller 1; SR31_7 = 1
selects controller 2. This determines on which screen the cursor will appear.

Note
If the cursor is not 64 bits by 64 bits, the given images should be padded to make the cursor image 64

bits by 64 bits. The padded area should be made transparent by padding the extra AND mask bits with
‘1’s and the extra XOR bits by ‘0’s.
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16.4.3.12 Programmable Hardware Icon

86CMB65 provides a programmable hardware icon that is displayable in all modes, including VGA text
and graphics modes. Only the hardware cursor (available only in Enhanced modes) has precedence
over the hardware icon for overlaying on the text/graphics/video.

The setup for using a hardware icon involves two steps.

1. Up to 8 icons are defined in contiguous memory at a frame buffer base address location defined
by SR4E. Each icon is defined in memory as 64 consecutive lines of pixels with 64 pixels per
line and 2 bits/pixel, thus requiring 1 KByte of memory per icon. The two bits per pixel are
stored in memory in the same manner as the AND and XOR masks for the hardware cursor.
That is, one word of bit 1 is stored, then one word of bit 2, a second word of bit 1, a second
word of bit 2, etc. Corresponding bit 1's and bit 2's are used to select the icon pixel colors.

2. Four icon colors are programmed in SR49. This address contains a stack of of twelve 8-bit
registers that can be written sequentially with automatic address indexing. This allows rapid
specification of four 24-bit colors (Color0 to Color3). For color depths less than 24 bits, the ap-
propriate number of bits are taken from the Isb’s of the registers, e.g., the low order 8 bits are
used for 8 bits/pixel modes.

To use an icon, do the following:

1. Enable the hardware icon by setting SR48_0 to 1.
2. Select one of eight icon maps via SR48_6-4.

3. Specify the color of each pixel. The programmer first selects a color mode via SR48_1 as follows:
0 = 4 opaque colors
1 = 3 opaque colors and 1 transparent color

When this bit is cleared to 0, the two bits programmed for each pixel in the icon memory are
interpreted as follows:

00 = Color0

01 = Color1

10 = Color2

11 = Color3

When this bit is set to 1, the two bits programmed for each pixel in the icon memory are inter-
preted as follows:

00 = Color0

01 = Color1

10 = Color2

11 = Transparent (the current frame buffer pixel is not overwritten)

4. Specify the final size of the icon. If SR48_2 = 0, the horizontal size is 64 pixels. If SR48_2 = 1, the
horizontal size is 128 pixels. If SR48_3 = 0, the vertical size is 64 pixels. If SR48_3 = 1, the verti-
cal size is 128 pixels. In both case, the expansion is done by pixel doubling.

5. If in dual image mode, select the icon controller source. SR31_6 = 0 selects controller 1; SR31_6 =
1 selects controller 2. This determines on which screen the image will appear.

6. Program the icon location on the screen. The horizontal coordinate of the upper left hand edge

of the icon is programmed in SR4A and SR4B. the vertical coordinate of the upper left hand
edge of the icon is specified in SR4C and SR4D.
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16.5 RECOMMENDED READING

Graphics Programming for the 8514/A by Jake Richter and Bud Smith (M&T Publishing, Inc) provides
extensive explanations and examples for programming most of the bits in the S3 Enhanced Registers.
This book may be out of print.

Programmer’s Guide to the EGA, VGA and Super VGA Cards, 3rd Edition by Richard F. Ferraro
(Addison-Wesley Publishing Company, Inc) includes a section on programming for S3 accelerator
chips.
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Section 17: Standard VGA Register Descriptions

In the following register descriptions, ‘U’ stands for undefined or unused and ‘R’ stands for reserved
(write =0, read = U). A question mark in an address stands for a hexadecimal value of either ‘B’ or ‘D’.
If bit 0 of the Miscellaneous Output Register (3C2H, Write) is set to 1, the address is based at 3DxH for
color emulation. If this bit is reset to 0, the address is based at 3BxH for monochrome emulation. If a
register or bit is noted as paired, there are two identical registers or bit at that address, with access
controlled via SR26. One register or bit is used by controller 1 and the other for controller 2. If a register
or bit is noted as shared, there is a single register or bit shared by controller 1 or controller 2.

See Appendix A for a table listing each register in this section and its page number.

17.1 GENERAL REGISTERS

This section describes general input status and output control registers.

Miscellaneous Output Register (MISC)

Write Only Address: 3C2H
Read Only Address: 3CCH
Power-On Default: 00H

This register controls miscellaneous output signals. A hardware reset sets all bits to zero.

7 | 6 5 4 3 | 2 1 0
SYNPOL/ CLK SEL | ENB | 10A
VERTSIZE |PGSL| =0 | 1 0 | RAM | SEL

Bit 0 |OA SEL - I/O Address Select
0 = Monochrome emulation. Address based at 3Bx
1 = Color emulation. Address based at 3Dx

Bit1 ENB RAM - Enable CPU Display Memory Access
0 = Disable access of the display memory from the CPU
1 = Enable access of the display memory from the CPU
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Bits 3-2 Clock Select - Select the Video Clock Frequency

00 = Selects the DCLK PLL parameters in SR22 and SR23. The default
generates a 25.175 MHz DCLK for 640 horizontal pixels

01 = Selects the DCLK PLL parameters in SR24 and SR25. The default
generates a 28.322 MHz DCLK for 720 horizontal pixels

10 = Reserved

11 = Selects the DCLK PLL parameters in SR12 and SR13. This setting is used for all
Enhanced modes.

The selected DCLK PLL parameter values are loaded into the PLL when bit 1 of
SR15_1 is setto 1 or when SR15_5 is programmed to 1 and then 0.

Bit4 Reserved =0

Bit5 PGSL -Select High 64K Page
0 = Select the low 64K page of memory
1 = Select the high 64K page of memory

Bits 7-6 SYNCPOL/VERT SIZE - Sync Polarity/Vertical Size

Bit 7 Bit 6 VSYNC Polarity | HSYNC Polarity | Vertical Size (lines)
0 0 + + Reserved
0 1 + - 200 (double scanned)
1 0 - + 350
1 1 - - 480

+ = positive sync pulse
- = negative sync pulse

Vertical Size = vertical resolution of the graphics source
This vertical size is used when CR70_1 is set to 1 to enable graphics mode vertical ex-

pansion. During simultaneous display, SR32_2-1 control the polarity of the the
VSYNC and HSYNC signals.
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Feature Control Register (FCR_WT, FCR_AD)

Write Only Address: 37AH
Read Only Address: 3CAH
Power-On Default: 00H

7 6 5 4 3 2 1 0
=0 =0 =0 =0 |VSSL| =0 =0 =0

Bits 2-0 Reserved =0

Bit 3 VSSL - Vertical Sync Type Select
0 = Enable normal vertical sync output to the monitor
1 = The ‘vertical sync’ output is the logical OR of ‘vertical sync’ and ‘vertical active
display enable’ (an internal signal)

Bits 7-4 Reserved =0

Input Status 0 Register (STATUS_0)

Read Only Address: 3C2H
Power-On Default: Undefined

This register indicates the status of the VGA adapter.

7 6 5 4 3 2 1 0

CRT MON
INTPE| =0 =0 |SENS| =0 =0 =0 =0

Bits 3-0 Reserved =0

Bit4 MON SENS - Monitor Sense Status
0 = The internal SENSE signal is a logical 0
1 = The internal SENSE signal is a logical 1

Bits 6-5 Reserved =0
Bits 7 CRT INTPE - CRT Interrupt Status
0 = Vertical retrace interrupt cleared
1 = Vertical retrace interrupt pending

See Section 13.5 for an explanation of interrupt generation.
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Input Status 1 Register (STATUS_1)

Read Only Address: 37AH
Power-On Default: Undefined

This register indicates video sync timing and video wraparound.

7 6 5 | 4 3 2 1 0

TSTVDT
=0 | =0] 1 o Jvsy|=1] R |DM

Bit0 DTM - Display Mode Inactive
0 = The display is in the display mode.
1 =The display is not in the display mode. Either the horizontal or vertical retrace
period is active

Bit1 Reserved =0
Bit2 Reserved =1

Bit3 VSY - Vertical Sync Active
0 = Display is in the display mode
1 = Display is in the vertical retrace mode

Bits 5~4 TST-VDT - Video Signal Test
Video Data Feedback 1,0. These bits are feedback video signals to do read back tests.
These bits are selectively connected to two of the eight color outputs of the attribute
controller. Bits 5 and 4 of the color plane enable register {AR12) control the multi-
plexer for this video output observation.

Bits 7-6 Reserved =0

Video Subsystem Enable Register

Write Only Address: 3C3H
Power-On Default: 00H
7 6 5 4 3 2 1 0
CHIP

R R R R R R R ENB

Bit0 CHIP ENB - Chip Enable
0 = 86CVi6b disabied
1 =86CM65 enabled

Bits 7-1 Reserved
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17.2 SEQUENCER REGISTERS

The sequencer registers are located at two-byte address spaces. These registers are accessed by first
writing the data to the index register of the sequencer at 1/O address 3C4H and then writing to or reading
from the data register at 3C5H. A word write of both address and data at 3C4H can also be performed.

Sequencer Index Register (SEQX)

Read/Write Address: 3C4H
Power-On Default: Undefined

This register is loaded with a binary value that indexes the sequencer register for read/write data. This
value is referred to as the “Index Number” of the SR register in this document.

7 6 5 4 | 3] 2] 17 o
R | R | R SEQ ADDRESS

Bits 4-0 SEQ ADDRESS - Sequencer Register Index
A binary value indexing the register where data is to be accessed. '

Bits 7-5 Reserved

Sequencer Data Register (SEQ_DATA)

Read/Write Address: 3C5H
Power-On Default: Undefined

This register is the data port for the sequencer register indexed by the Sequencer Index register (3C4H).

7 | 6 | 5 | a3 [ 21110
SEQ DATA

Bit7-0 SEQ DATA - Sequencer Register Data
Data to the sequencer register indexed by the sequencer address index.
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Reset Register (RST_SYNC) (SR0)

Read/Write Address: 3C5H, Index 00H
Power-On Default: 00H
7 6 5 4 3 2 1 0
SYN | ASY

=0 =0 =0 =0 =O =0 RST HST

Bit0 ASY RST - Asynchronous Reset

This bit is for VGA software compatibility only. It has no function for 86CM65.
Bit1 SYN RST - Synchronous Reset

This bit is for VGA software compatibility only. It has no function for 86CM65.

Bits 7-2 Reserved =0

Clocking Mode Register (CLK_MODE) (SR1)

Read/Write Address: 3C5H, Index 01H
Power-On Default: 00H

This register controls the operation mode of dot clock and character clock.

7 6 5 4 3 2 1 0
SCRN | SHF | CCLK | SHF
=0 =0 | OFF 4 1/2 LD =0 | 8DC

Bit0 8DC - 8 Dot Clock Select
0 = Character clocks 9 dots wide are generated
1 = Character clocks 8 dots wide are generated

Bit1 Reserved =0
Bit2 SHF LD - Load Serializers Every Second Character Clock
0 = Load the video serializer every character clock
1 = Load the video serializers every other character clock
Bit3 CCLK 1/2 - Internal Character Clock Divided by 2
0 = Internal character clock unchanged
1 = Haive the frequency of the character ciock

This bit is used for horizontal pixel doubling.
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Bit4 SHF 4 - Load Serializers Every Fourth Character Clock
0 = Load the serializers every character clock cycle
1 = Load the serializers every fourth character clock cycle

Bit5 SCRN OFF - Screen Off
0 = Screen is turned on.
1 = Screen is turned off
This bit is effective only when CR71_1=0.
Note: This bit is shared.

Bits 7-6 Reserved =0

Enable Write Plane Register (EN_WT_PL) (SR2)

Read/Write Address: 3C5H, Index 02H
Power-On Default: 00H

This register selects write protection or write permission for CPU write access into video memory.

7 6 5 4 3 | 2] 1] o
=0 | =0 | =0 | =0 EN.WT.PL.

Bits 3-0 EN.WT.PL - Enable Write to a Plane
0 = Disables writing into the corresponding plane
1 = Enables the CPU to write to the corresponding color plane

Bits 7-4 Reserved =0
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Character Font Select Register (CH_FONT_SL) (SR3)

Read/Write Address: 3C5H, Index 03H
Power-On Default: 00H Shared
7 6 5 4 3 | 2 1 ] o
SLA | SLB SLA SLB
=0 =0 2 2 1 0 1 0

In text modes, bit 3 of the attribute byte normally turns the foreground intensity on or off. This bit can
be redefined to be a switch between two character sets. The switch is enabled when there is a difference
between the value of character font select A and character font select B bits. Memory Mode (SR4)
register bit 1 = 1 (extended memory) enables all bits of this function; otherwise character fonts 0 and
4 are available. 256 KBytes of video memory support 8 character sets. This register is reset to 0
asynchronously during a system reset.

Bits 4, 1-0 SLB - Select Font B
This value selects the portion of plane 2 used to generate text character fonts when
bit 3 of the attribute byte is a logical 1, according to the following table:

Bits Font Table Location Bits Font Table Location
41,0 4,10

000 First 8K of plane 2 100 Second 8K of plane 2
001 Third 8K of plane 2 101 Fourth 8K of plane 2
010 Fifth 8K of plane 2 110 Sixth 8K of plane 2

011 Seventh 8K of plane 2 11 Eighth 8K of plane 2

Bits 5, 3-2 SLA - Select Font A
This value selects the portion of plane 2 used to generate text character fonts when

bit 3 of attribute byte is a logical 0, according to the same table as the character font
select A.

Bits 7-6 Reserved =0
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Memory Mode Control Register (MEM_MODE) (SR4)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 04H

This register controls CPU memory addressing mode.

7

5 4 3 2 1 0

=0

=0

CHN | SEQ | EXT
=0 =0 4M |MODE| MEM | =0

Bit 0

Bit 1

Bit2

Bit 3

Reserved =0

EXT MEM - Extended Memory Access
0 = Memory access restricted to 16/32 KBytes
1 = Allows complete memory access to 256 KBytes. Required for VGA

Note: This bit is shared.

SEQ MODE - Sequential Addressing Mode

This bit affects only CPU write data accesses into video memory. Bit 3 of this register

must be 0 for this bit to be effective.

0 = Enables the odd/even addressing mode. Even addresses access planes 0 and 2.
0Odd addresses access planes 1 and 3

1 = Directs the system to use a sequential addressing mode

CHN 4M - Select Chain 4 Mode

0 = Enables odd/even mode.

1 = Chain 4 Mode. This bit selects modulo 4 addressing for CPU access to display
memory. A logical 1 directs the two lower order bits of the CPU address used to
select the plane in video memory to be accessed as follows:

A1 A0 Plane Selected
0 0 0
0 1 1
1 0 2
1 1 3

Note: This bit is shared.

Bits 7-4 Reserved =0
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17.3 CRT CONTROLLER REGISTERS

The CRT controller registers are located at two locations in 1/0 address space. These registers are
accessed by first writing to the index register of the CRT controller and then accessing the data register.
The index register is located at /O address 3?4H and the CRT Controller Data register is at 3?5H. Which
address is used (3BX or 3DX) depends on bit 0 of the Miscellaneous Output register at 3C2H. A word
write of both address and data at 3?4H can also be performed.

CRT Controller Index Register (CRTC_ADR) (CRX)

Read/Write Address: 374H
Power-On Default: 00H

This register is loaded with a binary value that indexes the CRT controller register where data is to be
accessed. This value is referred to as the “Index Number” of the CR register (CR00-18). This register
is also used as an index to the S3 VGA registers, the System Control Registers and the System Extension
registers.

7 | 6 | 5 | a ] 3] 21]1]°0o

CRTC ADDRESS

Bits 7-0 CRTC ADDRESS - CRTC Register Index
A binary value indexing the register where data is to be accessed.

CRT Controller Data Register (CRTC_DATA) (CRT)

Read/Write Address: 3?5H
Power-On Default: Undefined

This register is the data port for the CRT controller register indexed by the CRT Controller Address
register.

7 | 6 | 5 | a] 3] 2]1]c0o

CRTC DATA

Bits 7-0 CRTC DATA - CRTC Register Data
Data to the CRT controller register indexed by the CRT controller address index.
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Horizontal Total Register (H_TOTAL) (CRO)

Read/Write Address: 375H, Index 00H
Power-On Default: Undefined Paired

This register defines the number of character clocks from HSYNC going active to the next HSYNC going
active. In other words, it is the total time required for both the displayed and non-displayed portions
of a single scan line. Bit 8 of this value is bit 0 of CR5D.

7 | 6 ] 5] a] 3] 21110
HORIZONTAL TOTAL

Bits 7-0 HORIZONTAL TOTAL.
9-bit Value = (number of character clocks in one scan line) - 5. This register contains
the least significant 8 bits of this value.

Horizontal Display End Register (H_D_END) (CR1)

Read/Write Address: 3?5H, Index 01H
Power-On Default: Undefined Paired

This register defines the number of character clocks for one line of the active display. Bit 8 of this value
is bit 1 of CR5D.

7 | 6 | 5 | a | 3| 2] 1] o0
HORIZONTAL DISPLAY END

Bits 7-0 HORIZONTAL DISPLAY END
9-bit Value = (number of character clocks of active display) - 1. This register contains
the least significant 8 bits of this value.
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Start Horizontal Blank Register (S_H_BLNK) (CR2)

Read/Write Address: 3?5H, index 02H
Power-On Default: Undefined Paired

This register specifies the value of the character clock counter at which the BLANK signal is asserted.
Bit 8 of this value is bit 2 of CR5D.

7 | 6 | 5 | 4| 3] 21110
START HORIZONTAL BLANK

Bits 7-0 START HORIZONTAL BLANK
9-bit Value = character clock value at which horizontal blanking begins. This register
contains the least significant 8 bits of this value.

End Horizontal Blank Register (E_H_BLNK) (CR3)

Read/Write Address: 3?5H, Index 03H
Power-On Default: Undefined Paired

This register determines the pulse width of the BLANK signal and the display enable skew.

7 6 | 5 4 | 3] 21 1o
DSP-SKW
R 1 0 END HORIZONTAL BLANK

Bits 4-0 END HORIZONTAL BLANK
7-bit Value = least significant 7 bits of the character clock counter value at which time
horizontal blanking ends. To obtain this value, add the desired BLANK pulse width in
character clocks to the Start Horizontal Blank value, which is also in character clocks.
The 5 least significant bits of this sum are programmed into this field. The sixth bit is
programmed into bit 7 of CR5. The seventh bit is programmed into bit 3 of CR5D.

Bits 6-5 DSP-SKW - Display Skew
These two bits determine the amount of display enable skew. Display enable skew
control provides sufficient time for the CRT Controller to access the display buffer to
obtain a character and attribute code, access the character generator font, and then
go through the Horizontal Pixel Panning register in the Attribute Controller. Each ac-
cess requires the display enable signal to be skewed one character clock unit so the
video output is synchronous with the HSYNC and VSYNC signals. The bit values and
amount of skew are shown in the following table:
00 = Zero character clock skew
01 = One character ciock skew
10 = Two character clock skew
11 = Three character clock skew

Bit 7 Reserved
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Start Horizontal Sync Position Register (S_H_SY_P) (CR4)

Read/Write Address: 3?5H, Index 04H
Power-On Default: Undefined Paired

This register is used to adjust the screen center horizontally and to specify the character position at
which HSYNC becomes active. Bit 8 of this value is bit 4 of CR5D.

7 | 6 | 5 | a [ 3 [ 2]17]o0
START HORIZONTAL SYNC POSITION

Bits 7-0 START HORIZONTAL SYNC POSITION.
9-bit Value = character clock counter value at which HSYNC becomes active. This reg-
ister contains the least significant 8 bits of this value.

End Horizontal Sync Position Register (E_H_SY_P) (CR5)

Read/Write Address: 3?5H, Index 05H
Power-On Default: Undefined Paired

This register specifies when the HSYNC signal becomes inactive and the horizontal skew. The HSYNC
pulse defined by this register can be extended by 32 DCLKSs via bit 5 of CR5D.

7 6 | 5 a | 3 [ 21 1] o
EHB | HOR-SKW
b5 1 0 END HORIZONTAL SYNC POS

Bits 4-0 END HORIZONTAL SYNC POS
6-bit Value = 6 least significant bits of the character clock counter value at which time
HSYNC becomes inactive. To obtain this value, add the desired HSYNC pulse width in
character clocks to the Start Horizontal Sync Position value, also in character clocks.
The 5 least significant bits of this sum are programmed into this field. The sixth bit is
programmed into bit 5 of CR5D.

Bits 65 HOR-SKW - Horizontal Skew
These bits control the skew of the HSYNC signal. A binary 00 equals no HSYNC delay.
For some modes, it is necessary to provide an HSYNC signal that takes up the entire
blanking interval. Some internal timings are generated by the falling edge of the
HSYNC signal. To guarantee the signals are latched properly, HSYNC is asserted be-
fore the end of the display enable signal, and then skewed several character clock
times to provide the proper screen centering.
00 = Zero character clock skew
01 = One character clock skew
10 = Two character clock skew
11 = Three character clock skew

Bit7 EHB b5
End Horizontal Blanking bit 5.
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Vertical Total Register (V_TOTAL) (CR6)

Read/Write Address: 3?5H, Index 06H
Power-On Default: Undefined Paired

This register specifies the number of scan lines from one VSYNC active to the next VSYNC active.
The scan line counter resets to 0 at this point. Bit 8 is bit 0 of CR7. Bit 9 is bit 5 of CR7. Bit 10 is bit 0
of CRSE.

7 | 6 ] 5 | a ] 3] 2] 1]0o0

VERTICAL TOTAL

Bits 7-0 VERTICAL TOTAL
11-bit Value = (number of scan lines from VSYNC active to the next VSYNC active) - 2.
This register contains the least significant 8 bits of this value.

CRTC Overflow Register (OVFL_REG) (CR7)

Read/Write Address: 3?5H, Index 07H
Power-On Default: Undefined Paired
7 6 5 4 3 2 1 0

VRS | VDE | VT | LCM | SVB | VRS | VDE | VT
9 9 9 8 8 8 8 8

This register provides extension bits for fields in other registers.
Bit 0 Bit 8 of the Vertical Total register (CR6)
Bit 1 Bit 8 of the Vertical Display End register (CR12)
Bit2 Bit 8 of the Vertical Retrace Start register (CR10)
Bit 3 Bit 8 of the Start Vertical Blank register (CR15)
Bit4 Bit 8 of the Line Compare register (CR18)
Bit5 Bit9 of the Vertical Total register (CR6)
Bit 6 Bit 9 of the Vertical Display End register (CR12)

Bit 7 Bit9 of the Vertical Retrace Start register (CR10)
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Preset Row Scan Register (P_R_SCAN) (CR8)

Read/Write Address: 3?5H, Index 08H
Power-On Default: Undefined Paired

This register is used for the pixel scrolling and panning, and text formatting and vertical scrolling.

7 6 | 5 4 [ 3 [ 217 1710
BYTE-PAN
=0 1 0 PRE-SET ROW SCAN COUNT

Bits -0 PRE-SET ROW SCAN COUNT
Value = starting row within a character cell for the first character row displayed after
vertical retrace. This allows a partial character row to be displayed at the top of the
display and is used for scrolling.

Bits 6-5 BYTE-PAN
Value = number of bytes to pan. The number of pixels to pan is specified in AR13.

Bit 7 Reserved =0

Maximum Scan Line Register (MAX_S_LN) (CR9)

Read/Write Address: 3?5H, Index 09H
Power-On Default: Undefined Paired

This register specifies the number of scan lines per character row and provides one scanning control
bit and two overflow bits.

7 6 5 a | 3] 21170
DBL | LCM | SvB
SCN | 9 9 MAX SCAN LINE

Bits 4-0 MAX SCAN LINE
Value = (number of scan lines per character row) - 1

Bit5 SVB9
Bit 9 of the Start Vertical Blank Register (CR15)

Bit6 LCM9
Bit 9 of the Line Compare Register (CR18)

Bit7 DBL SCN
0 = Normal operation
1 = Enables double scanning operation. Each line is displayed twice by repeating the
row scan counter and video memory address. Vertical parameters in the CRT
controller are not affected.
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Cursor Start Scan Line Register (CSSL) (CRA)

Read/Write Address: 375H, Index 0AH
Power-On Default: Undefined Shared

The cursor start register defines the row scan of a character line where the cursor begins.

7 6 5 a | 3] 2] 1710
CSR
=0 | =0 | OFF | CSR CURSOR START SCAN LINE

Bits 4-0 CSR CURSOR START SCAN LINE
Value = (starting cursor row within the character cell) - 1. When the cursor start regis-
ter is programmed with a value greater than the cursor end register, no cursor is gen-
erated.

Bit5 CSR OFF
0 = Turns on the text cursor
1 = Turns off the text cursor

Bits 7-6 Reserved =0

Cursor End Scan Line Register (CESL) (CRB)

Read/Write Address: 375H, Index 0BH
Power-On Default: Undefined Shared

This register defines the row scan of a character line where the cursor ends.

7 6 | 5 a [ 3 [ 21170
CSR-SKW
=0 1 0 CURSOR END SCAN LINE

Bits 4-0 CURSOR END SCAN LINE
Value = ending scan line number within the character cell for the text cursor. If the
value of the cursor start scan line is greater than the value of cursor end line, then no
cursor is generated.

Bits 6-5 CSR-SKW - Cursor Skew
These bits control the delay skew of the cursor signal. Cursor skew delays the text cur-
sor by the selected number of clocks. For example, a skew of 1 moves the cursor
right one character position on the screen.
00 = Zero characier ciock skew
01 = One character clock skew
10 = Two character clock skew
11 = Three character clock skew

Bit 7 Reserved =0
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Start Address High Register (STA(H)) (CRC)

Read/Write Address: 3?5H, Index 0CH
Power-On Default: Undefined Paired
15 | 14 | 13 [ 12| 11| 10 ] 9 | 8

DISPLAY START ADDRESS (HIGH)

20-bit Value = the first address after a vertical retrace at which the display on the screen begins on each
screen refresh. These along with bits 2-0 of CR69 are the high order start address bits.

Start Address Low Register (STA(L)) (CRD)

Read/Write Address: 3?5H, Index 0DH
Power-On Default: Undefined Paired
7 | 6 | 5 | a |l 3] 2] 110

DISPLAY START ADDRESS (LOW)

Start address (low) contains the 8 low order bits of the address.

Cursor Location Address High Register (CLA(H)) (CRE)

Read/Write Address: 3?5H, Index OEH
Power-On Default: Undefined Shared

15 | 14 | 13 ] 12 ] 11 ] 10] 9 | 8
CURSOR LOCATION ADDRESS (HIGH)

20-bit Value = the cursor location address of the video memory where the text cursor is active. This
register along with bits 2-0 of CR69 are the high order bits of the address.

Cursor Location Address Low Register (CLA(L)) (CRF)

Read/Write Address: 3?5H, Index OFH
Power-On Default: Undefined Shared
7 | 6 | 5 | a | 3 | 2|10

CURSOR LOCATION ADDRESS (LOW)

Cursor location address (low) contains the 8 low order bits of the address.
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Vertical Retrace Start Register (VRS) (CR10)

Read/Write Address: 3?5H, Index 10H
Power-On Default: Undefined Paired
7 | 6 ] 5 ] a ] 3] 21110
VERTICAL RETRACE START

Bits 7-0 VERTICAL RETRACE START.
11-bit Value = scan line counter value at which VSYNC becomes active. These are the
low-order 8 bits. Bit 8 is bit 2 of CR7. Bit 9 is bit 7 of CR7. Bit 10 is bit 4 of CR5E.

Vertical Retrace End Register (VRE) (CR11)

Read/Write Address: 375H, Index 11H
Power-On Default: OxH Paired

This register controls the vertical interrupt and CRO-7

7 6 5 4 3 [ 2] 1] o0
LOCK | REF | DIS | CLR
Ro7 | 355 | VINT | VINT | VERTICAL RETRACE END

Bits 3-0 VERTICAL RETRACE END
Value = least significant 4 bits of the scan line counter value at which VSYNC goes in-
active. To obtain this value, add the desired VSYNC pulse width in scan line units to
the CR10 value, also in scan line units. The 4 least significant bits of this sum are pro-
grammed into this field. This allows a maximum VSYNC pulse width of 15 scan line
units.

Bit4 CLR VINT - Clear Vertical Retrace Interrupt
0 = Vertical retrace interrupt cleared
1 = The flip-flop is able to catch the next interrupt request

At the end of active vertical display time, a flip-flop is set for a vertical interrupt. The
output of this flip-flop goes to the system interrupt controller. The CPU has to reset
this flip-flop by writing a logical 0 to this bit while in the interrupt process, then set
the bit to 1 to allow the flip-flop to catch the next interrupt request. Do not change the
other bits in this register. This bit is cleared to 0 by the BIOS during a mode set, a re-
set, or power-on.

Bit5 DIS VINT - Disable Vertical Interrupt
0 = Vertical retrace interrupt enabied if CR32_4 =1
1 = Vertical interrupt disabled. This bit is cleared to 0 by the BIOS during a mode set,
a reset, or power-on
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Bit 6 REF 3/5 - Refresh Cycle Select
0 = Three DRAM refresh cycles generated per horizontal line
1 = Five DRAM refresh cycles generated per horizontal line. Selecting five refresh
cycles allows use of the VGA chip with slow sweep rate displays (15.75 KHz).
This bit is cleared to 0 by the BIOS during a mode set, a reset, or power-on. This
setting can be overridden via bits 1-0 of CR3A

Bit 7 LOCK RO-7 - Lock Writes to CRT Controller Registers
0 = Writing to all CRT Controller registers enabled
1 = Writing to all bits of the CRT Controller registers CRO-CR7 except bit 4 of CR7
(LCMB8) disabled. This bit is set to 1 by the BIOS during a mode set, a reset or
power-on

Vertical Display End Register (VDE) (CR12)

Read/Write Address: 3?5H, Index 12H
Power-On Default: Undefined Paired

The vertical display enable end register defines 8 bits of the 10-bit address of the scan line where the
display on the screen ends. Bit 8 and Bit 9 are bits 1 and 6 of CR7. Bit 10 is bit 1 of CR5E.

7 | 6 ] 5 ] a] 3] 2]1]0
VERTICAL DISPLAY END

Bit 7-0 VERTICAL DISPLAY END
11-bit Value = (number of scan lines of active display) - 1. This register contains the
least significant 8 bits of this value.

Offset Register (SCREEN-OFFSET) (CR13)

Read/Write Address: 3?5H, Index 13H
Power-On Default: Undefined Paired

This register specifies the logical line width of the screen and is sometimes called the screen pitch. The
starting memory address for the next display row is larger than the current row by two, four or eight
times this amount. Bits 5-4 of CR51 are extension bits 9-8 of this register.

7 | 6 | 5 | 4| 3 [ 2]1]coe
LOGICAL SCREEN WIDTH

Bits 7-0 LOGICAL SCREEN WIDTH
10-bit Value = quantity that is multiplied by 2 (word mode), 4 (doubleword mode) or 8
(quadword mode) to specify the difference between the starting byte addresses of
two consecutive scan lines. This register contains the least significant 8 bits of this
value. The addressing mode is specified by bit 6 of CR14 and bit 3 of CR17. Setting bit
3 of CR31 to 1 forces doubleword mode.
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Underline Location Register (ULL) (CR14)

Read/Write Address: 3?5H, Index 14H
Power-On Default: Undefined Paired

This register specifies the horizontal row scan position of underline and display buffer addressing
modes.

7 6 5 4 | 3 [ 2110
DBWD| CNT
=0 |MODE| BY4 UNDER LINE LOCATION

Bits 4-0 UNDER LINE LOCATION
5-bit Value = (scan line count of a character row on which an underline occurs) -1

Bit5 CNT BY4 - Select Count by 4 Mode
0 = The memory address counter depends on bit 3 of CR17 (count by 2)
1 = The memory address counter is incremented every four character clocks

The CNT BY4 bit is used when double word addresses are used.
Bit 6 DBLWD MODE - Select Doubleword Mode

0 = The memory addresses are byte or word addresses

1 =The memory addresses are doubleword addresses

Bit 7 Reserved =0

Start Vertical Blank Register (SVB) (CR15)

Read/Write Address: 3?5H, Index 15H
Power-On Default: Undefined Paired

This register specifies the scan line at which the vertical blanking period begins. Bit 8 is bit 3 of CR7.
Bit 9 is bit 5 of CR9. Bit 10 is bit 2 of CR5E.

7 l 6 | s | a3 [ 211710
START VERTICAL BLANK

Bits 7-0 START VERTICAL BLANK.
11-bit value = (scan line count at which BLANK becomes active) - 1. This register con-
tains the least significant 8 bits of this value.
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End Vertical Blank Register (EVB) (CR16)

Read/Write Address: 3?5H, Index 16H
Power-On Default: Undefined Paired

This register specifies the scan line count value when the vertical blank period ends.

7 | 6 | s | a3 21110

END VERTICAL BLANK

Bits 7-0 END VERTICAL BLANK
Value = least significant 8 bits of the scan line counter value at which vertical blank-
ing ends. To obtain this value, add the desired width of the vertical blanking pulse in
scan lines to the value in the Start Vertical Blank register, also in scan lines. The 8
least significant bits of this sum are programmed into this field. This allows a maxi-
mum vertical blanking pulse of 255 scan line units.

CRTC Mode Control Register (CRT_MD) (CR17)

Read/Write Address: 3?5H, Index 17H
Power-On Default: 00H Paired

This register is a multifunction control register, with each bit defining a different specification.

7 6 5 4 3 2 1 0

BYTE | ADW WRD | VT 4BK | 2BK
RST [MODE| 16K | =0 |MODE| X2 | HGC | CGA

Bit 0 2BK CGA - Select Bank 2 Mode for CGA Emulation
0 = Row scan counter bit 0 is substituted for memory address bit 13 during active
display time
1 = Memory address bit 13 appears on the memory address output bit 13 signal of
the CRT controller

This bit allows memory mapping compatibility with the IBM CGA graphics mode.

Bit1 4BK HGC - Select Bank 4 Mode for HGA Emulation
0 = Row scan counter bit 1 is substituted for memory address bit 14 during active
display time
1 = Memory address bit 14 appears on the memory address output bit 14 signal of
the CRT controller

The combination of this bit and bit 0 of this register allows compatibility with Hercu-
les HGC graphics memory mapping.
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Bit2 VT X2 - Select Vertical Total Double Mode
0 = Horizontal retrace clock selected
1 = Horizontal retrace clock divided by two selected

This bit selects horizontal retrace clock or horizontal retrace clock divided by two as
the clock that controls the vertical timing counter. If the vertical retrace counter is
clocked with the horizontal retrace clock divided by 2, then the vertical resolution is
doubile.

Bit3 CNT BY2 - Select Word Mode
0 = Memory address counter is clocked with the character clock input, and byte mode
addressing for the video memory is selected
1 = Memory address counter is clocked by the character clock input divided by 2, and
word mode addressing for the video memory is selected

Bit4 Reserved =0

Bit5 ADW 16K - Address Wrap
0 = When word mode is selected by bit 6 of this register, memory address counter bit
13 appears on the memory address output bit 0 signal of the CRT controller and
the video memory address wraps around at 16 KBytes
1 = When word mode is selected by bit 6 of this register, memory address counter bit
15 appears on the memory address output bit 0 signal of the CRT controller

This bit is useful in implementing IBM CGA mode.

Bit6 BYTE MODE - Select Byte Addressing Mode
0 = Word mode shifts all memory address counter bits down one bit, and the most
significant bit of the counter appears on the least significant bit of the memory
address output
1 = Byte address mode

Bit 7 RST - Hardware Reset
0 = Vertical and horizontal retrace pulses always inactive
1 = Vertical and horizontal retrace pulses enabled

This bit does not reset any other registers or outputs.
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Line Compare Register (LCM) (CR18)

Read/Write Address: 3?5H, Index 18H
Power-On Default: Undefined Paired

This register is used to implement a split screen function. When the scan line counter value is equal
to the content of this register, the memory address counter is cleared to 0. The linear address counter
then sequentially addresses the display buffer starting at address 0. Each subsequent row address is
determined by the addition of the Offset (CR13) register content. Bit 8 is bit 4 of CR7. Bit 9 is bit 6 of
CRS9. Bit 10 is bit 6 of CR5E.

7 | 6 | 5 ] a [ 3] 21110
LINE COMPARE POSITION

Bit 7-0 LINE COMPARE POSITION
11-bit Value = number of scan lines at which the screen is split into screen A and
screen B. This register contains the least significant 8 bits of this value.

CPU Latch Data Register (GCCL) (CR22)

Read Only Address: 3?5H, Index 22H
Power-On Default: Undefined Paired

This register is used to read the CPU latch in the Graphics Controller.

7 |6 | 5 | a3 [ 2]1]0o
GRAPHICS CONTROLLER CPU LATCH -N

Bits 7-0 GRAPHICS CONTROLLER CPU LATCH - N )
Bits 1-0 of GR4 select the latch number N (3-0) of the CPU Latch.
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Attribute Index Register (ATC_F/1) (CR24)

Read Only Address: 375H, Index 24H, 26H
Power-On Default: Undefined Paired

This register is used to read the value of the Attribute Controller Index register and its associated
internal address flip-flop (AFF). It can be read at either index 24H or 26H.

7 5 | 4 | 3 ] 2] 1] o0

6
AFF | =0 ENV ATTRIBUTE CONTROLLER INDEX

Bits 4-0 ATTRIBUTE CONTROLLER INDEX
This value is the Attribute Controller Index Data at |/O port 3COH.

Bit5 ENV- Enable Video Display
This is the setting of bit 5 of 3COH, indicating video display enabled status
(1 = enabled).

Bit6 Reserved =0

Bit7 AFF
Inverted Internal Address flip-flop

17-24 STANDARD VGA REGISTER DESCRIPTIONS



ﬁ 86CM65 Dual Display Accelerator

$3 Incorporated

17.4 GRAPHICS CONTROLLER REGISTERS

The graphics controller registers are located at a two byte I/O address space. These registers are
accessed by first writing an index to the Graphics Address register (at 3CEH) and then accessing the
Data register (at 3CFH).

Graphics Controller Index Register (GRC_ADR)

Read/Write Address: 3CEH
Power-On Default: Undefined

This register is loaded with a binary index value that determines which graphics controller register will
be accessed. This value is referred to as the “Index Number” of the GR register (GR0-6).

7 6 5 4 3 | 2 [ 1] o0
-0 | =0 | =0 | =0 GR CONT ADDRESS

Bits 3-0 GR CONT ADDRESS - Graphics Controller Register Index
A binary value indexing the register where data is to be accessed.

Bits 74 Reserved =0

Graphics Controller Data Register (GRC_DATA)

Read/Write Address: 3CFH
Power-On Default: Undefined

This register is the data port for the graphics controller register indexed by the Graphics Controller
Index register. :

7 | 6 1 5 ] a3 21110
GRAPHICS CONTROLLER DATA

Bit 7-0 GRAPHICS CONTROLLER DATA
Data to the Graphics Controller register indexed by the graphics controller address.
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Set/Reset Data Register (SET/RST_DT) (GRO)

Read/Write Address: 3CFH, Index 00H
Power-On Default: Undefined

This register represents the value written to all 8 bits of the respective memory plane when the CPU
executes a memory write in write modes 0 and 3.

7 6 5 4 3 | 2] 1] o0
=0 | =0 | =0 | =0 SET/RESET DATA

Bits 3-0 SET/RESET DATA
These bits become the color value for CPU memory write operations. In write mode
0, the set/reset data can be enabled on the corresponding bit of the Enable Set/Reset
Data register. In write mode 3, there is no effect on the Enable Set/Reset Data register.

Bits 7-4 Reserved =0

Enable Set/Reset Data Register (EN_S/R_DT) (GR1)

Read/Write Address: 3CFH, Index 01H
Power-On Default: Undefined

These bits enable the set/reset data, and affect write mode 0.

7 6 5 4 3 | 2] 1] o0
=0 | =0 | =0 | =0 ENB SET/RST DATA

Bits 3-0 ENB SET/RST DATA
When each bit is a logical 1, the respective memory plane is written with the value of
the Set/Reset Data register. A logical 0 disables the set/reset data in a plane, and that
plane is written with the value of CPU write data.

Bits 7-4 Reserved =0
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Color Compare Register (COLOR-CMP) (GR2)

Read/Write Address: 3CFH, Index 02H
Power-On Default: Undefined

These bits represent a 4-bit color value to be compared. In read mode 1, the CPU executes a memory
read, the read data is compared with this value and returns the results. This register works in
conjunction with the Color Don’t Care register.

7 6 5 4 3 | 2] 110
=0 | =0 | =0 | =0 | COLOR COMPARE DATA

Bits 3-0 COLOR COMPARE DATA
This value becomes the reference color used to compare each pixel. Each of the 8-bit
positions of the read data are compared across four planes and a logical 1 is returned
in each bit position for which the colors match.

Bits 7-4 Reserved =0

Raster Operation/Rotate Count Register (WT_ROP/RTC) (GR3)

Read/Write Address: 3CFH, Index 03H
Power-On Default: Undefined

This register selects a raster operation function and indicates the number of bits the CPU data will be
rotated (right) on the video memory write operation.

7 6 | 5 4 | 3 2 | 1] o
RST-OP
=0 | =0 =0 10 ROTATE-COUNT

Bits 2-0 ROTATE-COUNT
These bits define a binary encoded value of the number of positions to right-rotate
data during a CPU memory write. To write non-rotated data, the CPU must preset a
count of 0.
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Bits 4-3 RST-OP - Select Raster Operation
The data written to memory can operate logically with the data already in the proces-
sor latches. This function is not available in write mode 1. The logical functions are
defined as follows:
00 = No operation
01 = Logical AND with latched data
10 = Logical OR with latched data
11 = Logical XOR with latched data

The logical function specified by this register is applied to data being written to mem-
ory while in modes 0, 2 and 3.

Bits 7-5 Reserved =0

Read Plane Select Register (RD_PL_SL) (GR4)

Read/Write Address: 3CFH, Index 04H
Power-On Default: Undefined
7 6 5 4 3 2 1 ][ o
RD-PL-SL
=0 =0 =0 =0 =0 =0 1 0

The contents of this register represent the memory plane from which the CPU reads data in read mode
0. This register has no effect on the color compare read mode (read mode 1). In odd/even mode, bit 0
is ignored. Four memory planes are selected as follows:

Bits 1-0 RD-PL-SL - Read Plane Select
The memory plane is selected as follows:
00 = Plane 0
01 = Plane 1
10 = Plane 2
11 =Plane 3

Bits 7-2 Reserved =0
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Graphics Controller Mode Register (GRP_MODE) (GR5)

Read/Write
Power-On Default: Undefined

Address: 3CFH, Index 05H

7 6 | 5 4 3 2 1 ]| o
SHF-MODE | O/E | RD WRT-MD
-0 | 256 OFE |MAP|CMP| =0 1 0

This register controls the mode of the Graphics Controller as follows:

Bit 1-0

Bit 2

Bit3

WRT-MD - Select Write Mode

These bits select the CPU write mode into video memory. The function of each mode

is defined as follows:

00 = Write Mode 0. Each of four video memory planes is written with the CPU data
rotated by the number of counts in the rotate register. If the Set/Reset register is
enabled for any of four planes, the corresponding plane is written with the data
stored in the set/reset register. Raster operations and bit mask registers are
effective

01 = Write Mode 1. Each of four video memory planes is written with the data in the
processor latches. These latches are loaded during previous CPU read opera-
tions. Raster operation, rotate count, set/reset data, enable set/reset data and bit
mask registers are not effective

10 = Write Mode 2. Memory planes 0-3 are filled with 8 bits of the value of CPU
write data bits 0-3, respectively. For example, if write data bit 0 is a 1, eight 1's
are written to memory plane 0. The data on the CPU data bus is treated as the
color value. The Bit Mask register is effective as the Mask register. A logical 1in
the Bit Mask register sets the corresponding pixel in the addressed byte to the
color specified on the data bus. A logical 0 in the Bit Mask register sets the
corresponding pixel in the addressed byte to the corresponding pixel in the
processor latches. The Set/Reset, Enable Set/Reset and Rotate Count registers
are ignored

11 = Write Mode 3. Each of four video memory planes is written with 8 bits of the
color value contained in the set/reset register for that plane. The Enable Set/
Reset register is not effective. Rotated CPU write data is ANDed with the bit mask
register to form an 8-bit value that performs the same function as the Bit Mask
register in write modes 0 and 2. This write mode can be used to fill an area with
a single color and pattern

Reserved =0

RD CMP - Enable Read Compare

0 = The CPU reads data from the video memory planes. The plane is selected by the
Read Plane Select register. This is called read mode 0

1 =The CPU reads the results of the logical comparison between the data in four
video memory planes selected by the contents of the Color Don’t Care register
and the contents of the Color Compare register. The result is a 1 for a match and
0 for a mismatch on each pixel. This is called read mode 1
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Bit4 O/E MAP - Select Odd/Even Addressing

0 = Standard addressing.

1 = Odd/even addressing mode selected. Even CPU addresses access plane 0 and 2,
while odd CPU addresses access plane 1 and 3. This option is useful for
emulating the CGA compatible mode. The value of this bit should be the inverted
value programmed in bit 2 of the Sequencer Memory Mode register (SR4). This
bit affects reading of display memory by the CPU

Bit5 SHF-MODE - Select Odd/Even Shift Mode
0 = Normal shift mode
1 = The video shift registers in the graphics section are directed to format the serial
data stream with even-numbered bits from both planes on the even-numbered
planes and odd-numbered bits from both planes on the odd planes

Bit6 SHF-MODE - Select 256 Color Shift Mode
0 = Bit 5 in this register controls operation of the video shift registers
1 = The shift registers are loaded in a manner that supports the 256 color mode

Bit7 Reserved =0

Memory Map Mode Control Register (MISC_GM) (GR6)

Read/Write Address: 3CFH, Index 06H
Power-On Default: Undefined

This register controls the video memory addressing.

7 6 5 4 3 | 2 1 0

MEM-MAP | CHN | TXT
=0 =0 |- =0 =0 1 0 O/E_| /GR

Bit 0 TXT/GR - Select Text/Graphics Mode
0 = Text mode display addressing selected
1 = Graphics mode display addressing selected. When set to graphics mode, the
character generator address latches are disabled

Bit1 CHN O/E - Chain Odd/Even Planes
0 = A0 address bit unchanged
1 = CPU address bit A0 is replaced by a higher order address bit. The content of A0
determines which memory plane is to be addressed. A0 = 0 selects planes 0
and 2, and A0 = 1 selects planes 1 and 3. This mode can be used to double the
address space into video memory
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Bits 3-2 MEM-MAP - Memory Map Mode
These bits control the address mapping of video memory into the CPU address
space. The bit functions are defined below.
00 = AOOOOH to BFFFFH (128 KBytes)
01 = AOOOOH to AFFFFH (64 KBytes)
10 = BOOOOH to B7FFFH (32 KBytes)
11 = B80OOH to BFFFFH (32 KBytes)

Bits 74 Reserved =0

Color Don’t Care Register (CMP_DNTC) (GR7)

Read/Write Address: 3CFH, Index 07H
Power-On Default: Undefined

This register is effective in read mode 1, and controls whether the corresponding bit of the Color
Compare Register is to be ignored or used for color comparison.

7 6 5 4 3 | 2] 1] o0
=0 | =0]=0] =0 COMPARE PLANE SEL

Bits 3-0 COMPARE PLANE SEL - Compare Plane Select
0 = The corresponding color plane becomes a don’t care plane when the CPU read
from the video memory is performed in read mode 1
1 = The corresponding color plane is used for color comparison with the data in the
Color Compare register

Bits 7-4 Reserved =0

Bit Mask Register (BIT_MASK) (GR8)

Read/Write Address: 3CFH, Index 08H
Power-On Default: Undefined

Any bit programmed to 0 in this register will cause the corresponding bitin each of four memory planes
to be immune to change. The data written into memory in this case is the data which was read in the
previous cycle, and was stored in the processor latches. Any bit programmed to 1 allows unimpeded
writes to the corresponding bits in the plane.

7 | 6 1 5] a] 3] 211
BIT MASK

Bits 7-0 BIT MASK
A logical 0 means the corresponding bit of each plane in memory is set to the corre-
sponding bit in the processor latches. A logical 1 means the corresponding bit of
each plane in memory is set as specified by other conditions.
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17.5 ATTRIBUTE CONTROLLER REGISTERS

The attribute controller registers are located at the same byte I/O address for writing address and data.
An internal address flip-flop (AFF) controls the selection of either the attribute index or data registers.
To initialize the address flip-flop (AFF), an I/O read is issued at address 3BAH or 3DAH. This presets the
address flip-flop to select the index register. After the index register has been loaded by an I/O write
to address 3COH, AFF toggles and the next I/O write loads the data register. Every /O write to address
3COH toggles this address flip-flop. However, it does not toggle for I/O reads at address 3COH or 3C1H.

The Attribute Controller Index register is read at 3COH, and the Attribute Controller Data register is read
at address 3C1H.

Attribute Controller Index Register (ATR_AD)

Read/Write Address: 3COH
Power-On Default: Undefined

This register is loaded with a binary index value that determines which attribute controller register will
be accessed. This value is referred to as the “Index Number” of the AR register (AR0-14).

7 6 5 a | 3] 2] 110
ENB
R R | PLT ATTRIBUTE ADDRESS

Bits 4-0 ATTRIBUTE ADDRESS

A binary value that points to the attribute controller register where data is to be
written.

Bit5 ENB PLT - Enable Video Display
0 = Video display access to the palette registers disabled. The Attribute Controller
register can be accessed by the CPU
1 = Display video using the palette registers enabled (normal display operation). The
palette registers (ARO-ARF) cannot be accessed by the CPU

This bit is effective only in 8-bit PA mode (CR67_4 = 0).
Bits 7-6 Reserved
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Attribute Controller Data Register (ATR_DATA)

Read/Write Address: R: 3C1H/W: 3COH
Power-On Default: Undefined

This register is the data port for the attribute controller register indexed by the Attribute Controller
Index register.

7 |l 6 | 5 | 4| 3| 2 [ 1o
ATTRIBUTE DATA

Bits 7-0 ATTRIBUTE DATA
Data to the attribute controller register indexed by the attribute controller address.

Palette Registers (PLT_REG) (AR00-OF)

Read/Write Address: 3C1H/3C0H, Index 00H-OFH
Power-On Default: Undefined

These are 16, 6-bit registers pointed to by the index and color code. They allow a dynamic mapping
between the text attribute or graphics color input and the display color on the CRT screen.

7 6 5 | 4 | 3 2 | 1] o
SECONDARY PRIMARY
=0 | =0 SR SG SB R G B

Bits 5~0 PALETTE COLOR
The six bit display color, bits 5-0 are output as SR, SG/I, SB/V, R, G and B,
respectively.

Bits 7-6 Reserved =0
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Attribute Mode Control Register (ATR_MODE) (AR10)

Read/Write
Power-On Default: 00H

Address: 3C1H/3C0H, Index 10H

The contents of this register controis the attribute mode of the display function.

7

6

5 4 3 2 1 0

SEL
V54

256
CLR

TOP ENB | ENB |[MONO|TX/GR
PAN | =0 | BLNK| LGC |ATRB

Bit 0

Bit1

Bit 2

Bit 3

Bit4

Bit5

TX/GR - Select Graphics Mode
0 = Selects text attribute control mode
1 = Selects graphics control mode

MONO ATRB - Select Monochrome Attributes
0 = Selects color display text attributes
1 = Selects monochrome display text attributes

ENB LGC - Enable Line Graphics
0 = The ninth dot of a text character (bit 0 of SR1 = 0) is the same as the background
1 = Special line graphics character codes enabled

When this bit is set to 1, it forces the ninth dot of a line graphics character to be identi-
cal to the eighth dot of the character. The line graphics character codes are COH
through DFH. For other characters, the ninth dot is the same as the background.

ENB BLNK - Enable Blinking
0 = Selects the background intensity for the text attribute input
1 = Selects blink attribute in text modes

This bit must also be set to 1 for blinking graphics modes. The blinking counter is op-
erated by the vertical retrace counter (VRTC) input. It divides the VRTC input by 32.
The blinking rates are ON for 16 VRTC clocks and OFF for 16 VRTC clocks. In the
graphics mode, when blink is activated, the most significant color bit (bit 3) for each
dot is inverted alternately, thus allowing two different colors to be displayed for 16
VRTC clocks each.

When the cursor is displayed in the text mode, it is blinked at a rate of ON for 8 VRTC
clocks and OFF for 8 VRTC clocks (period by 16 frames). The displayed characters are
independently blinked at the rate of 32 frames as above.

Reserved =0

TOP PAN - Top Panning Enable

0 = Line compare has no effect on the output of the pixel panning register

1 = Forces the output of the pixel panning register to 0 after matching line compare
until VSYNC occurs in the CRT controller. At the top of screen the output of the
Pixel Panning register returns to its programmed value. This bit allows a top
portion of a split screen to be panned.
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Bit 6 256 CLR - Select 256 Color Mode
0 = 4 bits of video (translated to 6 bits by the palette) are output every internal
dot-clock cycle
1 = Two 4-bit sets of video data are assembled to generate 8-bit video data at half the
frequency of the internal dot-clock

Bit7 SEL V54 - Select V[5:4]
0 = In VGA, mode, bits 5-4 of video output are generated by the attribute palette
registers. Bits 7-6 of video output are always generated by bits 3-2 of AR14
1 = Bits 5-4 of video output are generated by bits 1-0 of AR14

Border Color Register (BDR_CLR) (AR11)

Read/Write Address: 3C1H/3CO0H, Index 11H
Power-On Default: 00H Shared
7 | 6 | 5| a] 3] 2]11]0o
BORDER COLOR

Bits 7-0 Border Color. This 8-bit register determines the border color displayed on the CRT
screen. The border is an area around the screen display area.

This register is only effective in 8-bit PA modes (CR67_4 = 0). See also CR33_5.

Color Plane Enable Register (DISP_PLN) (AR12)

Read/Write - Address: 3C1H/3COH, Index 12H
Power-On Default: 00H

This register enables the respective video memory color plane 3-0 and selects video color outputs to
be read back in the display status.

7 6 5 | a 3 | 2 [ 1] o0
VDT-SEL
=0l =0| 1 0 DISPLAY PLANE ENBL

Bits 3-0 DISPLAY PLANE ENBL
A 0in any of these bits forces the corresponding color plane bit to 0 before accessing
the internal palette. A 1 in any of these bits enables the data on the corresponding
color plane.
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Bits 54 VDT-SEL - Video Test Select
These bits select two of the eight bit color outputs to be available in the Input Status
1 register. The output color combinations available on the status bits are as follows:

D STS MUX STS 1
Bit 5 Bit 4 Bit5 Bit4
0 0 Video 2 Video 0
1 Video 5 Video 4
1 0 Video 3 Video 1
1 1 Video 7 Video 6

Bits 7-6 Reserved =0

Horizontal Pixel Panning Register (H_PX_PAN) (AR13)

Read/Write Address: 3C1H/3COH, Index 13H
Power-On Default: 00H

This register specifies the number of pixels to shift the display data horizontally to the left. Pixel panning
is available in both text and graphics modes. It is not available with Enhanced mode memory mappings
(CR31_3=1).

7 6 5 4 3 [ 2 1] o0
=0 | =0 | =0 | =0 | NUMBER OF PAN SHIFT

Bits 3-0 NUMBER OF PAN SHIFT
This register selects the number of pixels to shift the display data horizontally to the
left. In the 9 pixels/character text mode, the output can be shifted a maximum shift of
8 pixels. In the 8 pixels/character text mode and all graphics modes, except 256 color
mode, a maximum shift of 7 pixels is possible. In the 256 color mode, bit 0 of this reg-
ister must be 0 resulting in only 4 panning positions per display byte. The panning is
controlled as follows:

Number of pixels shifted in
Bits 3-0 9 pixel/char. 8 pixel/char. | 256 color mode
0000 1 0 0]
0001 2 1 -
0010 3 2 1
0011 4 3 =
0100 5 4 2
0101 6 5 -
0110 7 6 3
0111 8 7 -
1000 0 - -

Bits 7-4 Reserved =0
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Pixel Padding Register (PX_PADD) (AR14)

Read/Write Address: 3C1H/3COH, Index 14H
Power-On Default: 00H

This register specifies the high-order bits of video output when pixel padding is enabled and disabled
in the 256 color mode.

7 6 5 4 3 | 2] 1] o
PIXEL PADDING
=0 | =0 | =0 | =0 VI V6 V5 V4

Bits 1-0 PIXEL PADDING V5, V4
These bits are enabled with a logical 1 of bit 7 of AR10, and can be used in place of
the V5 and V4 bits from the Palette registers to form the 8-bit digital color value out-
put.

Bits 3-2 PIXEL PADDING V7, V6
In all modes except 256 color mode, these bits are the two high-order bits of the 8-bit
digital color value output.

Bits 7-4 Reserved =0
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17.6 RAMDAC REGISTERS

All of the RAMDAC registers described in this section are physically located inside Aurora.

DAC Mask Register (DAC_AD_MK)

Read/Write Address: 3C6H
Power-On Default: Undefined

This register is the pixel read mask register to select pixel video output. The CPU can access this register
at any time.

7 1 6 | 5 [ 4a ]3] 21110
DAC ADDRESS MASK

Bits 7-0 DAC ADDRESS MASK
The contents of this register are bit-wise logically ANDed with the pixel select video
output (PA[7:0}). This register is initialized to FFH by the BIOS during a video mode
set.

DAC Read Index Register (DAC_RD_AD)

Write Only Address: 3C7H
Power-On Default: Undefined

This register contains the pointer to one of 256 palette data registers and is used when reading the
color palette.

7 | 6 | 5 ]| 4] 32111 o

DAC READ ADDRESS

Bits 7-0 DAC READ ADDRESS
Each time the color code is written to this register, it identifies that a read sequence
will occur. A read sequence consists of three successive byte reads from the RAM-
DAC data register at I/O address 3C9H. The least significant 6 bits of each byte taken
from the RAMDAC data register contain the corresponding color value, and the most
significant 2 bits contain zeros. The order is red byte first, then green, and finally
blue. The sequence of events for a read cycle is:

1. Write the color code to this register (RAMDAC Read Index) at address 3C7H.

2. The contents of the location in the color look-up table pointed to by the color code
are transferred to the RAMDAC data register at address 3C9H.

3. Three bytes are read back from the RAMDAC data register.
4. The contents of this register auto-increment by one.
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5. Go to step 2.

The effects of writing to the RAMDAC data register during a three-byte read cycle or
reading from the RAMDAC data register during a 3-byte write cycle (i.e., interrupting
the sequence) are undefined and may change the look-up table contents.

DAC Status Register (DAC_STS)

Read Only Address: 3C7H
Power-On Default: Undefined
7 6 5 4 3 2 1 ] o
=0 =0 =0 =0 =0 =0 DAC-STS

Bits 1-0 DAC-STS - RAMDAC Cycle Status

The last executing cycle was:
00 = Write Palette cycle
11 = Read Palette cycle

Reads from the RAMDAC Write Index at address 3C8H or the DAC status register at
address 3C7H do not interfere with read or write cycles and may take place at any
time.

Bits 7-2 Reserved =0

DAC Write Index Register (DAC_WR_AD)

Read/Write Address: 3C8H
Power-On Default: Undefined
7 | 6 |1 5 | a] 3] 21]1]c0o
DAC WRITE ADDRESS

Bits 7-0 DAC WRITE ADDRESS

This register contains the pointer to one of 256 palette data registers and is used dur-
ing a palette load. Each time the color code is written to this register, it identifies that
a write sequence will occur. A write sequence consists of three successive byte writes
to the DAC data register at I/O address 3C9H. The least significant 6 bits of each byte
are concatenated to form the value placed in the 18-bit data register. The order is red
byte first, then green, and finally blue. Once the third byte has been written, the value
in the data register is written to the location pointed to by the color code. The se-
quence of events for a write cycle is:

1. Write the color code to this register (DAC Write Index) at address 3C8H.
2. Three bytes are written to the DAC Data register at address 3C9H.
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3. The contents of the DAC data register are transferred to the location in the color
look-up table pointed to by the color code.

4. The DAC Write Index register auto-increments by 1.
5. Goto step 2.

RAMDAC Data Register (DAC_DATA)

Read/Write Address: 3C9H
Power-On Default: Undefined

This register is a data port to read or write the contents of the location in the color look-up table pointed
to by the DAC Read Index or the DAC Write Index registers.

7 ] 6 | 5] a] 3] 21 1] o
DAC READ/WRITE DATA

Bits 7-0 DAC READ/WRITE DATA
To prevent “snow flicker” on the screen, an application reading data from or writing
data to the DAC Data register should ensure that the BLANK input to the RAMDAC is
asserted. This can be accomplished either by restricting data transfers to retrace inter-
vals, checking bit 3 of the Input Status 1 register (3?AH) to determine when retrace is
occurring, or by using the screen-off bit in the Clocking Mode register of the se-
quencer (bit 5 of SR1).
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Section 18: Extended Sequencer Register Descriptions

The following registers are located in Sequencer Register address space not used by standard VGA.
An appropriate value must be programmed in SR8 to unlock access to these registers.

In the following register descriptions, ‘U’ stands for undefined or unused and ‘R’ stands for reserved
(write =0, read = U). See Appendix A for a table listing each register in this section and its page number.

18.1 MISCELLANEOUS EXTENDED SEQUENCER REGISTERS

Unlock Extended Sequencer Register (SR8)

Read/Write Address: 3C5H, Index 08H
Power-On Default: 00H

Loading xxxx0110b (e.g., 06H) unlocks accessing of all the S3 extensions (SR9 - SR6F) to the standard
VGA Sequencer register set. (x = don’t care).

7 6 5 4 3 2 1 0
R R R R = =1 =1 =0
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Extended Sequencer 9 Register (SR9)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 09H

This register controls the powerdown for the Controller 1 dot clock (DCLK). There are two types of
DCLK used in Controller 1: the virtual DCLK is used on logic which is affected by flat panel horizon-
tal expansion while the true DCLK is used on logic which is not affected by flat panel horizontal ex-

pansion.
7 6 5 4 3 2 1 0
MMIO [C1SU2|C1SB2|C1SU1|C1SB1| C1P1| R R

Bits 1-0 Reserved

Bit 2

Bit3

Bit 4

Bit5

Bit 6

C1P1 - Controller 1 Powerdown Enable 1
0 = Controller 1 virtual DCLK is not turned off when CR67_3-2=11
1 = Controller 1 virtual DCLK is turned off when CR67_3-2=11

This bit should be programmed to 1 by the BIOS during reset.
C1SB1 - Controller 1 Standby Enable 1

0= Controller 1 virtual DCLK is not turned off in Standby mode
1= Controller 1 virtual DCLK is turned off in Standby mode
This bit should be programmed to 1 by the BIOS during reset.
C1SU1 - Controller 1 Suspend Enable 1

0 = Controller 1 virtual DCLK is not turned off in Suspend mode
1 = Controller 1 virtual DCLK is turned off in Suspend mode
This bit should be programmed to 1 by the BIOS during reset.
Controller 1 Standby Enable 2

0 = Controller 1 true DCLK is not turned off in Standby mode

1 = Controller 1 true DCLK is turned off in Standby mode

This bit should be programmed to 1 by the BIOS during reset.
Controller 1 Suspend Enable 2

0 = Controller 1 true DCLK is not turned off in Suspend mode
1 = Controller 1 true DCLK is turned off in Suspend mode

This bit should be programmed to 1 by the BIOS during reset.
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Bit 7 MMIO-ONLY - Memory-mapped /O register access only
0 = When MMIO is enabled, both programmed 1/O and memory-mapped /O register
accesses are allowed
1 =When MMIO is enabled, only memory-mapped I/O register accesses are allowed
to extended (non-standard VGA) registers. Both I/O and MMIO accesses can be
made to standard VGA registers.

Extended Sequencer A Register (SRA)

Read/Write Address: 3C5H, Index 0AH
Power-On Default: 00H

7 6 5 4 3 2 1 0
2 PD-
MCLK| R NTR! R R R R R

Bits 4-0 Reserved

Bit5 PD-NTRI - PD[63:0] Not Tri-stated
0 = PD[63:0] tri-stated
1 = PD[63:0] not tri-stated

The default value of 0 reduces power consumption. The pins are enabled for output
only as needed.

Bit 6 Reserved

Bit7 2MCLK - 2 MCLK CPU writes to memory
0 = 3 MCLK memory writes
1 =2 MCLK memory writes

Setting this bit to 1 improves performance for systems using an MCLK less than 57
MHz. For MCLK frequencies between 55 and 57 MHz, bit 7 of SR15 should also be set
to 1if linear addressing is being used.
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Extended Sequencer D Register (SRD)

Read/Write Address: 3C5H, Index 0DH
Power-On Default: 00H

This register provides feature connector control and also provides independent control of the
HSYNC and VSYNC signals, therefore supporting the VESA DPMS (Display Power Management Con-
trol) standard.

7 | 6 5 | a4 3 2 1 0
VSY-CTL HSY-CTL LPB
1 0 1 0 R R R | EN

Bit0 LPBEN - LPBEN Pin Control
0 = LPBEN pin is held at logic 0
1 =LPBEN pin is held at logic 1

This pin is used to enable/disable Scenic Highway video decoders.
Bits 3-1 Reserved

Bits 54 HSY-CTL - HSYNC Control
00 = Normal operation
01=HSYNC=0
10 =HSYNC =1
11 = Reserved

Bits 7-6 VSY-CTL - VSYNC Control
00 = Normal operation
01=VSYNC=0
10=VSYNC =1
11 = Reserved
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MCLK Value Low Register (SR10)

Read/Write Address: 3C5H, Index 10H
Power-On Default: See description below.

The power-on default value for this register in conjunction with the power-on default value for SR11
generate an MCLK value of 45 MHz. All other MCLK values must be specified by programming of
SR10 and SR11. Loading of a new value is enabled by either bit 0 or bit 5 of SR15.

7 6 | 5 4 | 3] 2117 o
R | PLL R VALUE PLL N-DIVIDER VALUE

Bits 4-0 PLL N-DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-31) divider used to scale the
input to the MCLK PLL. See Section 8 for a detailed explanation.

Bits 6-5 PLL R VALUE
These bits contain the binary equivalent of the integer (1, 2, 4, 8) range value used to
scale the output of the MCLK PLL. See Section 8 for a detailed explanation.

Bit 7 Reserved

MCLK Value High Register (SR11)

Read/Write Address: 3C5H, Index 11H
Power-On Default: See description below.

The power-on default value for this register in conjunction with the power-on default value for SR10
generate an MCLK value of 45 MHz. All other MCLK values must be specified by programming of
SR10 and SR11. Loading of a new value is enabled by either bit 0 or bit 5 of SR15.

7 | e | s | a ] 3] 21170
R PLL M-DIVIDER VALUE

Bits 6-0 PLL M-DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-127) divider used in the feed-
back loop of the MCLK PLL. See Section 8 for a detailed explanation.

Bit 7 Reserved
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Enhanced Mode DCLK Value Low Register (SR12)

Read/Write Address: 3C5H, Index 12H
Power-On Default: Undefined

SR12 and SR13 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 11b.
This setting is used for all Enhanced modes. Loading of new values occurs when either SR15_1 is set
to 1 or SR15_5 is programmed to 1 and then 0.

7 [ 6 | 5 [ 4a | 3] 211110
PLL RVALUE | PLL N-DIVIDER VALUE

Bits 5-0 PLL N-DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-63) divider used to scale the
input to the DCLK PLL. See Section 8 for a detailed explanation.

Bits 7-6 PLL R VALUE
These bits contain the binary equivalent of the integer (1, 2, 4, 8) range value used to
scale the output of the DCLK PLL. See Section 8 for a detailed explanation.

Enhanced Mode DCLK Value High Register (SR13)

Read/Write Address: 3C5H, Index 13H
Power-On Defauit: Undefined

SR12 and SR13 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 11b.
This setting is used for all Enhanced modes. Loading of new values occurs when either SR15_1 is
set to 1 or SR15_5 is programmed to 1 and then 0.

7 | 6 | 5 | al 3] 21110
PLL M-DIVIDER VALUE

Bits 7-0 PLL M- DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-255) divider used in the feed-
back loop of the DCLK PLL. See Section 8 for a detailed explanation.
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CLKSYN Control 1 Register (SR14)

Read/Write Address: 3C5H, Index 14H
Power-On Default: 00H

7 6 5 4 3 2 1 0
EXT | EXT CLR M EN | MPLL | DPLL
DCLK | MCLK| LTS | CNT | TEST | CNT | PD PD

Bit0 DPLL PD - Power down DCLK PLL
0 = DCLK PLL powered
1 =DCLK PLL powered down

This bit is used for S3 test purposes only.
Bit1 MPLL PD - Power down MCLK PLL

0 = MCLK PLL powered

1 = MCLK PLL powered down

This bit is used for S3 test purposes only.
Bit2 EN CNT - Enable clock synthesizer counters

0 = Clock synthesizer counters disabled
1 = Clock synthesizer counters enabled

This bit is used for S3 test purposes only.
Bit3 M TEST - MCLK Test

0 = Test DCLK

1= Test MCLK

This bit is used for S3 test purposes only.
Bit4 CLR CNT - Clear clock synthesizer counters

0 = No effect

1 = Clear the clock synthesizer counters

This bit is used for S3 test purposes only.
Bit5 LTS - LPBEN Pin Tri-state

0 = LPBEN pin (N1) has normal function

1 =LPBEN pin (N1) is tri-stated

Setting this bit to 1 allows pin N1 to act as an input. This is enabled by setting bit 6 of
this register to 1.

Bit 6 EXT MCLK - External MCLK Select
0 = MCLK provided by internal PLL
1= MCLK is input on pin N1. PD11 must also be strapped low on power-on reset.

An external MCLK is only used for S3 test purposes.
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Bit7 EXT DCLK - External DCLK Select
0 = DCLK provided by internal PLL
1 =DCLK is input on pin A1. PD11 must also be strapped low on power-on reset.

An external DCLK is only used for S3 test purposes.

CLKSYN Control 2 Register (SR15)

Read/Write Address: 3C5H, Index 15H
Power-On Default: 00H

7 6 5 4 3 2 1 0
2 CYC|DCLK\| CLK |DCLK/ MCLK | DRFQ | MFRQ

MWR | INV |LOAD| 2 R OUT | EN EN

Bit0 MFRQEN - Enable new MCLK frequency load
0 = Register bit clear
1 = Load new MCLK frequency

When new MCLK PLL values are programmed, this bit is set to 1 to load these values
in the PLL. The loading may be delayed a small but variable amount of time. This bit
should be cleared to 0 after loading to prevent repeated loading. Alternately, use bit 5
of this register to produce an immediate load.

Bit1 DFRQEN - Enable new DCLK frequency load
0 = Register bit clear
1 = Load new DCLK frequency

When new DCLK PLL values are programmed, this bit is set to 1 to load these values
in the PLL. 3C2H_3-2 select the source of the DCLK PLL values. The loading may be
delayed a small but variable amount of time. Use bit 5 of this register to produce an
immediate load.

Bit2 MCLK OUT - Output internally generated MCLK
0 = Pin C3 has its normal function
1 = Pin C3 outputs the internally generated MCLK if SR1A_4 = 1
This is used only for testing.
Bit3 DCLK OUT - Output internally generated DCLK
0 = Pin M1 has its normal function (LCLK input)
1 = Pin M1 outputs the internally generated DCLK

This is used only for testing.
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Bit 4

Bit5

Bit 6

Bit 7

DCLK/2 - Divide DCLK by 2
0 = DCLK unchanged
1 = Divide DCLK by 2

Either this bit or bit 6 of this register must be set to 1 for clock doubled RAMDAC op-
eration (mode 0001).

CLK LOAD - MCLK, DCLK load
0 = Clock loading is controlled by bits 0 and 1 of this register
1 = Load MCLK and DCLK PLL values immediately

To produce an immediate MCLK and DCLK load, program this bit to 1 and then to 0.
3C2H_3-2 select the source of the DCLK PLL values. This register must never be left
setto 1.

DCLK INV - Invert DCLK
0 = DCLK unchanged
1 =Invert DCLK

Either this bit or bit 4 of this register must be set to 1 for clock doubled RAMDAC op-
eration (mode 0001).

2 CYC MWR - Enable 2 cycle memory write
0 = 3 MCLK memory write
1 =2 MCLK memory write

Setting this bit to 1 bypasses the VGA logic for linear addressing when bit 7 of SRA is
set to 1. This can allow 2 MCLK operation for MCLK frequencies between 55 and 57
MHz.

CLKSYN Test High Register (SR16)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 16H

This register is reserved for S3 testing of the internal clock synthesizer.

7

6

5 4 3 2 1 0

R

R

R R R R R R
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CLKSYN Test Low Register (SR17)

Read Only Address: 3C5H, Index 17H
Power-On Default: 00H

This register is reserved for S3 testing of the internal clock synthesizer.

7 6 5 4 3 2 1 0
R R R R R R R R

RAMDAC/CLKSYN Control Register (SR18)

Read/Write Address: 3C5H, Index 18H
Power-On Default: 00H

7 6 5 4 3 2 1 0

CLKx | CLUT | DAC | TST | TST | TST | TST | TST
2 WR PD | BLUE | GBRN | RED | RST | EN

Bit0 TST EN - Enable test counter
0 = RAMDAC test counter disabled
1 = RAMDAC test counter enabled

This bit is used for S3 test purposes only.
Bit1 TST RST - Reset test counter

0 = No effect

1 = Reset the RAMDAC test counter

This bit is used for S3 test purposes only.
Bit2 TST RED - Test red data

0 = No effect

1 = Place red data on internal data bus

This bit is used for S3 test purposes only.
Bit3 TST GRN - Test green data

0 = No effect

1 = Place green data on internal data bus

This bit is used for S3 test purposes only.
Bit4 TST BLUE - Test blue data

0 = No effect

1 = Place blue data on internal data bus

This bit is used for S3 test purposes only.
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Bit5 DAC PD - RAMDAC power-down
0 = RAMDAC powered up unless SR20_0 =1 and SR31.5=0
1 = RAMDAC powered down

When the RAMDAC is powered down, the RAMDAC memory retains its data. Soft-
ware should set this bit when only a flat panel (no CRT/TV) is being driven.

Bit6 LUT WR - CLUT write cycle control
0 =2 DCLK CLUT write cycle (default)
1 =1 DCLK CLUT write cycle

Bit 7 CLKx2 - Enable clock doubled mode
0 = RAMDAC clock doubled mode (0001) disabled
1 = RAMDAC clock doubled mode (0001) enabled

This bit must be set to 1 when mode 0001 is specified in bits 7-4 of CR67 or SRC.
Either bit 4 or bit 6 of SR15 must also be setto 1.

Extended Sequencer 1A Register (SR1A)

Read/Write Address: 3C5H, Index 1AH
Power-On Default: 00H

7 6 5 4
DACP| R PC15 | PC3 R R R R

w
N
-
o

Bits 3-0 Reserved

Bit4  PC3 - Pin C3 Select
0 =Pin C3is GOPO
1=Pin C3is STWR

Bit5 PC15 - Pin C15 Select
0 = Pin C15 is ROMEN
1=Pin C15is FPPOL
Bit 6 Reserved
Bit7 DACP - DAC Power
0 = RAMDAC and CLUTs powered with 3.3V
1 = RAMDAC and CLUTs powered with 5V

This bit overrides the automatic settings indicated by SR1B_0.
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Extended Sequencer 1B Register (SR1B)

See Bit Descriptions Address: 3C5H, Index 1BH
Power-On Default: 00H

7 6 5 4 3
FDCK| R R R R R R DP

N
-
o

Bit 0 DP - DAC Power (Read Only)
0 = The RAMDAC and CLUTs are powered with 5V
1 = The RAMDAC and CLUTs are powered with 3.3V

The internal RAMDAC autosenses its voltage input and generates a signal that is
latched in this register bit. This can be read by the BIOS, which can then force a spe-
cific voltage by programming SR1A_7.

Bits 6-1 Reserved (Read/Write)

Bit 7 FDCK - Force DCLK Source
0 = DCLK PLL parameter source is specified by 3C2_3-2
1 = DCLK PLL parameter source is forced to SR12 and SR13 regardless of the setting
of 3C2_3-2

Extended Sequencer 1C Register (SR1C)

Read/Write Address: 3C5H, Index 1CH
Power-On Default: 00H

All non-reserved bits in this register should be programmed to 1 by the BIOS during reset.

7 6 5 4 3 2 1 0
LSU | LSB LP | TVSU | TVSB | TVP R R

Bits 1-0 Reserved

Bit2 TVP-TV Encoder Powerdown Enable
0 = TV Encoder clock is not turned off when TV Encoder is disabled
1 =TV Encoder clock is turned off when TV Encoder is disabled

Bit3 TVSB - TV Encoder Standby Enable
0 = TV Encoder clock is not turned off in Standby mode
1 =TV Encoder clock is turned off in Standby mode

Bit4 TVSU - TV Encoder Suspend Enable
0 = TV Encoder clock is not turned off in Suspend mode
1 =TV Encoder clock is turned off in Suspend mode
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Bit5 LP-LPB Powerdown Enable
0 = LPB LCLK is not turned off when LPB is disabled
1 =LPB LCLK is turned off when LPB is disabled

Bit 6 LSB - LPB Standby Enable
0 = LPB LCLK is not turned off in Standby mode
1 =LPB LCLK is turned off in Standby mode

Bit7 LSU - LPB Suspend Enable
0 = LPB LCLK is not turned off in Suspend mode
1 =LPB LCLK is turned off in Suspend mode

Extended Sequencer 1D Register (SR1D)

Read/Write Address: 3C5H, Index 1DH
Power-On Default: 00H

This register controls the powerdown for the Stream Processor (SP) dot clock (DCLK). The SP DCLK
consists of two branches: branch 1 of the SP DCLK is used on stream processor logic which can be
turned off when the SP is disabled (CR67_3-2 = 00), while branch 2 of the SP DCLK is used on SP
logic that cannot be turned off when the SP is disabled.

All non-reserved bits in this register should be programmed to 1 by the BIOS during reset.

7 6 5 4 3 2 1 0
SSU2 | SSB2 | SSU1 | SSB1 | SP1 R R R

Bits 2-0 Reserved

Bit 3 SP1 - Stream Processor Powerdown Enable 1
0 = SP DCLK branch 1 is not turned off when SP is disabled
1 = SP DCLK branch 1 is turned off when SP is disabled

Bit4 SSB1 - Stream Processor Standby Enable 1 .
0 = SP DCLK branch 1 is not turned off in Standby mode
1 = SP DCLK branch 1 is turned off in Standby mode

Bit5 SSU1 - Stream Processor Suspend Enable 1
0 = SP DCLK branch 1 is not turned off in Suspend mode
1 = SP DCLK branch 1 is turned off in Suspend mode

Bit 6 SSB2 - Stream Processor Standby Enable 2
0 = SP DCLK branch 2 is not turned off in Standby mode
1 = SP DCLK branch 2 is turned off in Standby mode

Bit 7 SSU2 - Stream Processor Suspend Enable 2
0 = SP DCLK branch 2 is not turned off in Suspend mode
1 = SP DCLK branch 2 is turned off in Suspend mode
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Power Management 5 Register (SR1E)

Read/Write Address: 3C5H, Index 1EH
Power-On Default: 00H

All non-reserved bits in this register should be programmed to 1 by the BIOS during reset.

7 6 5 4 3 2 1 0
BSE R R _|C2SU|C2SB|C2PD| R |Ci1PD

Bit 0 C1PD - Controller 1 Powerdown Enable
0 = Controller 1 DCLK is not turned off when Controller 1 is not enabled
1 = Controller 1 DCLK is turned off when Controller 1 is not enabled

Controller 1 is enabled when SR31_1 =0 or when SR31_2 =0 and SR31_4=1)
Bit 1 Reserved
Bit2 C2PD - Controller 2 Power Down Enable
0 = Controller 2 DCLK is not turned off when Controller 2 is not enabled
1 = Controller 2 DCLK is turned off when Controller 2 is not enabled
Controller 2 is enabled when SR31_1 = 1 or when SR31_2 =1and SR31_4=1)
Bit3 C2SB - Controller 2 Power Down During Standby
0 = Controller 2 is not powered down during Standby
1 = Controller 2 is powered down during Standby
Bit4 C2SU - Controller 2 Power Down During Suspend
0 = Controller 2 is not powered down during Suspend
1= Controller 2 is powered down during Suspend
Bits 6-5 Reserved
Bit 7 BSE - Bus Interface Suspend Enable

0 = Bus interface SCLK is not turned off dursing Suspend
1 = Bus interface SCLK is turned off during Suspend
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Extended Sequencer 1F Register (SR1F)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 1FH

All non-reserved bits in this register should be programmed to 1 by the BIOS during reset.

Bit 1

Bit 2

Bit3

Bit 4

Bit5

Bit 6

Bit 7

7 6 5 4 3 2 1 0
PFIE R MSE | CSPE | LPBE | BSE | DMSE | GESE
Bit 0 GESE - Graphics Engine Suspend Enable

0 = GE MCLK is not turned off in Suspend mode
1 = GE MCLK is turned off in Suspend mode

DMSE - Data Manager Suspend Enable
0 = DM MCLK is not turned off in Suspend mode
1 =DM MCLK is turned off in Suspend mode

BSE - Bus Interface Unit MCLK Suspend Enable
0 = MCLK branch going to bus interface is not turned off in Suspend mode
1 = MCLK branch going to bus interface is turned off in Suspend mode

LPBE - LPB MCLK Suspend Enable
0 = MCLK branch going to LPB is not turned off in Suspend mode
1 = MCLK branch going to LPB is turned off in Suspend mode

CSPE - Controller 1/Controller 2/Streams Processor MCLK Suspend Enable
0 = MCLK going to Controller 1, Controller 2, and the Streams Processor is not turned
off in Suspend mode

~1=MCLK going to Controller 1, Controller 2, and the Stream Processor is turned off

in Suspend mode

MSE - MCLK Suspend Enable

0 = All branches of MCLK are not turned off in Suspend mode regardless of the
settings of the other non-reserved bits of this register

1 = All branches of MCLK can be turned off in Suspend mode depending on the
settings of the other non-reserved bits of this register

Reserved
FPIE - Flat Panel Interface MCLK Suspend Enable

0 = MCLK branch going to the Flat Panel Interface is not turned off in Suspend mode
1 = MCLK branch going to the Flat Panel Interface is turned off in Suspend mode
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Extended Sequencer 20 Register (SR20)

Read/Write Address: 3C5H, Index 20H
Power-On Default: 00H

7 6 5 4 3 2 1 0

PSE R R [MPSE | DPSE [ DSUE |DSBE| R

Bit 0 Reserved

Bit 1 DSBE - DAC Standby Enable
0 = DAC is not turned off in Standby mode
1 =DAC is turned off in Standby mode

Bit2 DSUE - DAC Suspend Enable
0 = DAC is not turned off in Suspend mode
1 =DAC is turned off in Suspend mode

Bit3 DPSE - DCLK PLL Suspend Enable

0 = DCLK PLL is not turned off in Suspend mode

1 =DCLK PLL is turned off in Suspend mode
This bit is OR-ed with SR14_0.

Bit4 MPSE - MCLK PLL Suspend Enable

0 = MCLK PLL is not turned off in Suspend mode

1= MCLK PLL is turned off in Suspend mode
This bit is OR-ed with SR14_0.
Bits 6-5 Reserved
Bit7 PSE - Pads Suspend Enable

0 = Suspend mode has no effect on pads
1 = Suspend mode puts the pads in Suspend

configuration
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Extended Sequencer 21 Register (SR21)

Read/Write Address: 3C5H, Index 21H
Power-On Default: 00H

7 6 5 4 3 2 1 0
C2LE | C2LS [ C2LP | LUT2 | CILE | CILS | MS | LUT1

Bit0 LUT1 - Disable CLUT1
0 =CLUT1 enabled
1 =CLUT1 disabled (powered down)

Bit1 MS - Disable Monitor Sense
0 = Monitor sense circuit enabled
1 = Monitor sense circuit disabled (powered down)

Bit2 C1LS - Controller 1 CLUT Standby Enable
0 = Controller 1 CLUT is not powered down in Standby mode
1 = Controller 1 CLUT is powered down in Standby mode

The BIOS must program this bit to 1 after each reset.
Bit3 C1LE - Controller 1 CLUT Standby Enable
0 = Controller 1 CLUT is not powered down in Suspend mode
1 = Controller 1 CLUT is powered down in Suspend mode
The BIOS must program this bit to 1 after each reset.
Bit4 LUT2 - Disable CLUT2
0 = CLUT2 enabled
1 = CLUT2 disabled (powered down)
Bit5 C2LP - Controller 2 CLUT Powerdown Enable
0 = Controller 2 CLUT is not powered down when Controller 2 is not enabled
1 = Controller 2 CLUT is powered down when Controller 2 is not enabled
The BIOS must program this bit to 1 after each reset.
Bit 6 C2LS - Controller 2 CLUT Standby Enable
0 = Controller 2 CLUT is not powered down in Standby mode
1 = Controller 2 CLUT is powered down in Standby mode
The BIOS must program this bit to 1 after each reset.
Bit 7 C2LE - Controller 2 CLUT Standby Enable
0 = Controller 2 CLUT is not powered down in Suspend mode
1 = Controller 2 CLUT is powered down in Suspend mode

The BIOS must program this bit to 1 after each reset.
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VGA DCLKO Value Low Register (SR22)

Read/Write Address: 3C5H, Index 22H
Power-On Default: See description below

SR22 and SR23 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 00b.
The power-on default value for this register in conjunction with the power-on default value for SR23
generate a DCLK value of 25.175 MHz. Loading of new values occurs when either SR15_1 is setto 1 or
SR15_5 is programmed to 1 and then 0.

7 | 6 5 | 4 | 3] 2] 1] o
PLL R VALUE PLL N-DIVIDER VALUE

Bits 5-0 N-DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-31) divider used to scale the
input to the DCLK PLL. See Section 8 for a detailed explanation.

Bits 7-6 PLL R VALUE
These bits contain the binary equivalent of the integer (1, 2, 4, 8) range value used to
scale the output of the DCLK PLL. See Section 8 for a detailed explanation.

VGA DCLKO Value High Register (SR23)

Read/Write Address: 3C5H, Index 23H
Power-On Default: See description below.

SR22 and SR23 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 00b.
The power-on default value for this register in conjunction with the power-on default value for SR22
generate a DCLK value of 25.175 MHz. Loading of new values occurs when either SR15_1 is set to 1

or SR15_5 is programmed to 1 and then 0.

7 | 6 | 5 | 4 | 3| 2]1]co
PLL M-DIVIDER VALUE

Bits 7-0 PLL M- DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-127) divider used in the feed-
back loop of the DCLK PLL. See Section 8 for a detailed explanation.
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VGA DCLKO Value Low Register (SR24)

Read/Write Address: 3C5H, Index 24H
Power-On Default: See description below

SR24 and SR25 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 01b.
The power-on default value for this register in conjunction with the power-on default value for SR25
generate a DCLK value of 28.322 MHz. Loading of new values occurs when either SR15_1 is setto 1 or
SR15_5 is programmed to 1 and then 0.

7 | 6 5 | 4 | 3 ] 21 1] o
PLL R VALUE PLL N-DIVIDER VALUE

Bits 5-0 N-DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-31) divider used to scale the
input to the DCLK PLL. See Section 8 for a detailed explanation.

Bits 7-6 PLL R VALUE
These bits contain the binary equivalent of the integer (1, 2, 4, 8) range value used to
scale the output of the DCLK PLL. See Section 8 for a detailed explanation.

VGA DCLKO Value High Register (SR25)

Read/Write Address: 3C5H, Index 25H
Power-On Default: See description below.

SR24 and SR25 are selected as the source of the DCLK PLL parameter values when 3C2H_3-2 = 01b.
The power-on default value for this register in conjunction with the power-on default value for SR24
generate a DCLK value of 28.322 MHz. Loading of new values occurs when either SR15_1 is set to 1

or SR15_5 is programmed to 1 and then 0.

7 | 6 [ 5 | 4] 3] 211710

PLL M-DIVIDER VALUE

Bits 7-0 PLL M- DIVIDER VALUE
These bits contain the binary equivalent of the integer (1-127) divider used in the feed-
back loop of the DCLK PLL. See Section 8 for a detailed explanation.
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Paired Register Read/Write Select Register (SR26)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 26H

7

6

5 4 3 2 1 0

R

R

R R _|DCIW|EC2W]| DR | DSR

Bit 0

Bit 1

Bit 2

Bit 3

Bits 74

DSR - Disable Selected Controller 1 Reads

0 = Data for all paired register reads comes from the controller 1 registers

1 = Reads of CR0-CR7, CR10-12, CR15-16 from controller 1 are disabled. Read
data is provided from the corresponding paired registers in controller 2

This bit is only effective if bit 1 of this register is cleared to 0.

DR - Disable Controller 1 Reads

0 = Data for all paired register reads comes from the controller 1 registers

1 = Reads of all paired controller 1 registers are disabled. Read data is
provided from the corresponding paired registers in controller 2

Setting this bit to 1 overrides the setting of bit 0 of this register.

EC2W - Enable Controller 2 Writes
0 = Writes to controller 2 registers are disabled
1 = Writes to controller 2 registers are enabled.

Note that by default, writes to controller 1 registers (controlled by bit 3 of this regis-
ter) are enabled and writes to controller 2 registers are disabled. Software can selec-
tively write to only controller 1 registers, only controller 2 registers or to both with
one write (mirroring) by enabling writes to both.

DC1W - Disable Controller 1 Writes

0 = Writes to controller 1 registers are enabled

1 = Writes to controller 1 registers are disabled

See the note for bit 2 of this register.

Note: If this bit is set to 1, any subsequent writes to any SR register will be directed to
SR26 (the index is locked). Therefore, no writes to SR registers (except SR26) should
be made if this bit is set to 1.

Reserved
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MCLK Control Register (SR27)

Read/Write Address: 3C5H, Index 27H
Power-On Default: 00H
7 6 5 4 3 | 2 1 ]| o
R R R R IMCLK MUX2 | IMCLK MUX1

Bits 1-0 IMCLK MUX1
00 = IMCLK = MCLK
01 =IMCLK = DCLK
10 = IMCLK = MCLK
11 =IMCLK = SCLK

If CR37_3 = 0, the XIN pin becomes the EDCLK (external DCLK) input and the LPBEN
pin becomes the EMCLK (external MCLK) input. SR14_6 selects whether the external
MCLK or PLL-generated MCLK is used. SR14_7 selects whether the external DCLK or

PLL-generated DCLK is used.

Note: These bits should not be changed at the same time as bits 3-2 of this register
(at least 10 SCLKs must intervene).

Bits 3-2 IMCLK MUX2
00 = MCLK = IMCLK
01 = MCLK = IMCLK/2
10 = MCLK = IMCLK/3
11 = MCLK = IMCLK/4

Note: These bits should not be changed at the same time as bits 1-0 of this register
(at least 10 SCLKs must intervene)..

Bits 744 Reserved
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DCLK Control Register (SR28)

Read/Write

Address: 3C5H, Index 28H

Power-On Default: 00H

7 | 6

5 | a 3 | 2 1] o

IDCLKB MUX2 [ IDCLKB MUX1 | IDCLKA MUX2 | IDCLKA MUX1

Bits 1-0

Bits 3-2

Bits 54

IDCLKA MUX1

00 = IDCLKA = DCLK
01 = IDCLKA = DCLK
10 = IDCLKA = MCLK
11 = IDCLKA = SCLK

If CR37_3 =0, the XIN pin becomes the EDCLK (external DCLK) input and the LPBEN
pin becomes the EMCLK (external MCLK) input. SR14_7 selects whether the external
DCLK or PLL-generated DCLK is used. SR14_6 selects whether the external MCLK or
PLL-generated MCLK is used.

Note: These bits should not be changed at the same time as bits 3-2 of this register
(at least 10 SCLKs must intervene).

IDCLKA MUX2

00 = DCLK1 = IDCLKA
01 = DCLK1 = IDCLKA/2
10 = DCLK1 = IDCLKA/3
11 = DCLK1 = IDCLKA/4

DCLK1 is the pixel clock for the controller 1 path (includes the Streams Processor).

Note: These bits should not be changed at the same time as bits 1-0 of this register
(at least 10 SCLKs must intervene).

IDCLKB MUX1

00 = IDCLKB = DCLK
01 =IDCLKB = DCLK
10 = IDCLKB = MCLK
11 =IDCLKB = SCLK

If CR37_3 =0, the XIN pin becomes the EDCLK (external DCLK) input and the LPBEN
pin becomes the EMCLK (external MCLK) input. SR14_7 selects whether the external
DCLK or PLL-generated DCLK is used. SR14_6 selects whether the external MCLK or
PLL-generated MCLK is used.

Note: These bits should not be changed at the same time as bits 7-6 of this register
(at least 10 SCLKs must intervene).
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Bits 7-6

IDCLKB MUX2

00 = DCLK2 = IDCLKB
01 =DCLK2 = IDCLKB/2
10 = DCLK2 = IDCLKB/3
11 = DCLK2 = IDCLKB/4

DCLK2 is the pixel clock for the controller 2 path (no Streams Processor).

Note: These bits should not be changed at the same time as bits 5-4 of this register
(at least 10 SCLKs must intervene).

FIFO Threshold Register (SR29)

Read/Write

Address: 3C5H, Index 29H

Power-On Default: 00H

7 | s

5 | 4 | 3 | 2 1 [ o

CONT2 FIFO

STN READ FIFO STN W FIFO

Bits 1-0

Bits 5-2

Bits 7-6

STN W FIFO - STN Write FIFO Threshold
00 = 2 slots filled

01 = 4 slots filled

10 = 8 slots filled

11 = 12 slots filled

When this many slots are filled in this 16-slot FIFO, a request is generated to the mem-
ory manager to begin emptying the FIFO. This is used to maximize the efficiency of
the the memory interface.

STN READ FIFO - STN Read FIFO Threshold
Value = Number of STN read FIFO slots

When the FIFO empties down to this value, a high priority memory access request is
generated.

CONT2 FIFO - Controller 2 FIFO Threshold
00 = 2 slots filled

01 = 4 slots filled

10 = 8 slots filled

11 = 12 slots filled

When the FIFO empties down to this value, a high priority memory access request is
generated.
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18.2 FLAT PANEL REGISTERS

Architecture Configuration Register (SR30)

Read/Write Address: 3C5H, Index 30H
Power-On Default: 00H

7 6 5
R R R R R R R PST

»
w
N
-
o

Bit 0 PCT - Panel Scan Type
0 = Dual-scan STN panel
1 =TFT or single-scan STN panel

Bits 7-1 Reserved

Flat Panel Display Mode Register (SR31)

Read/Write Address: 3C5H, Index 31H
Power-On Default: 00H

7 6 5 4 3 2 1 0
CcD ID R FPD | CT |DACS| FPS | CTM

Bit0 CTM - CRT Test Mode
0 = Standard flat panel operation
1 = CRT RGB data output on FP[23:0]

This bitbis used for test purposes. It allows direct viewing of either CRT or TV encoder
data before it reaches the CLUT/RAMDAC.

Bit 1 FPS - Flat Panel Data Source
0 = Controller 1 is flat panel source (Streams Processor available)
1 = Controller 2 is flat panel source (Streams Processor not available)

This bit is valid only if SR31_0 = 0.
Bit2 DACS - DAC Source Select
0 = Controller 1 is DAC source (Streams Processor available)
1 = Controller 2 is DAC source (Streams Processor not available)

If TV mode is selected (CR3D_0 = 1), controller 1 is automatically selected as the DAC
source.
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Bit3 BLUT - Bypass CLUT Test Mode
0 = Normal operation
1 = Force bypass of Controller 1 and Controller 2 CLUTs in all modes

This bit is for test purposes only.

Bit4 FPE - Flat Panel Display Enable
0 = Disable flat panel display
1 = Enable flat panel display

Setting this bit to 1 triggers a panel power-on sequence and turns on the clocks to the
flat panel logic. Clearing this bit to 0 triggers a panel power-down sequence and dis-
ables the clocks to the flat panel logic.

Bit5 Reserved

Bit 6 ID - Icon Destination Select
0 = Hardware icon controlled by controller 1
1 = Hardware icon controlled by controller 2

The hardware icon is available in any video mode. This bit determines on which
screen the icon will appear in dual image mode (both controllers being used).

Bit 7 CD - Cursor Destination Select
0 = Hardware cursor controlled by controller 1
1 = Hardware cursor controlled by controller 2

The hardware cursor is only available in Enhanced mode (not VGA). This bit deter-
mines on which screen the cursor will appear in dual display mode (both controllers
being used).
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Flat Panel Polarity Control Register (SR32)

Read/Write
Power-On Default: 00H

Address: 3C5H, Index 32H

7

6

5 4

w

2 1

VSP

HSP -

DEP | FPDP CVSP | CHSP | MIT

Bit 0

Bit1

Bit 2

Bit3

Bit4

Bit5

Bit6

Bit7

MIT - Memory Interface Tri-state
0 = No effect
1 = Tri-state all memory interface signals

CHSP - CRT HSYNC Polarity During Simultaneous Display

0 = HSYNC polarity is active high
1 = HSYNC polarity is active low

This bit controls HSYNC polarity (instead of 3C2H_6 Write Only) when simultaneous
display is used (SR31_4 = 1 AND SR31_1 = SR31_2).

CVSP - CRT VSYNC Polarity During Simultaneous Display

0 = VSYNC polarity is active high
1 = VSYNC polarity is active low

This bit controls VSYNC polarity (instead of 3C2H_7 Write Only) when simultaneous
display is used (SR31_4 = 1 AND SR31_1 = SR31_2).

Reserved

FPDP - Flat Panel Data Polarity
0 = Active high
1 = Active low

DEP - FPDE Polarity
0 = Active high
1 = Active low

HSP - FPHSYNC Polarity

0 = Active high

1 = Active low

For STN panels, this is the LP signal.
VSP - FPVSYNC Polarity

0 = Active high

1 = Active low

For STN panels, this is the FLM signal.
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Flat Panel AC Modulation Register (SR34)

Read/Write Address: 3C5H, Index 34H
Power-On Default: 00H

This register only applies to STN panels that require a MOD input.

7 | 6 | 5 ] a] 3] 21110
ME MODULATION PERIOD

Bits 6-0 MODULATION PERIOD
Value = (width of MOD pulse in clock period units) - 1
The clock units (line or frame) are selected via SR35_4.
Bit 7 ME - Modulation Enable

0 = Pin B15 is FPDE
1 = Enable output of MOD signal on pin B15

Flat Panel Modulation Clock Select Register (SR35)

Read/Write Address: 3C5H, Index 35H
Power-On Default: 00H

7 6 5 4 3 2 1 0
R R R |MODC| R R R R

Bits 3-0 Reserved
Bit4 MODC - MOD Clock Select
0 = Line clock
1 = Frame clock

Bits 7-5 Reserved
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Flat Panel Dither Control Register (SR36)

Read/Write Address: 3C5H, Index 36H
Power-On Default: 00H

7 1 6 5 | 4 | 3 2 | 1] o
DTRCON | DTRBASE COLOR | DTR BIT SELECT

Bit 0 DBS - Dither Bit Select
0 = 2 bits selected (2x2 dither pattern)
1 = 4 bits selected (4x4 dither pattern)

Bits 2-1 Reserved

Bits 5-3 DTR BASE COLOR

000 = 8 bits selected (no dithering)
001 = Reserved

010 = Reserved

011 = 3 bits selected

100 = 4 bits selected

101 = 5 bits selected

110 = 6 bits selected

111 = Reserved

Bits 7-6 DTR CON - Dither Control
00 = Dithering disabled
01 = Dithering in all modes
10 = Dither in graphics modes (not text)
11 = Dither in graphics modes with 8 bpp or more color

Flat Panel FRC Weight Select RAM Pointer Register (SR37)

Read/Write Address: 3C5H, Index 37H
Power-On Default: 00H

7 6 5 4 3 | 2] 1] o
R R R R | WEIGHT SELECT POINTER

Bits 3-0 WEIGHT SELECT POINTER

Value = offset from the base address of the weight decoding RAM
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Flat Panel FRC Weight Select RAM Data Register (SR38)

Read/Write Address: 3C5H, Index 38H
Power-On Default: 00H
7 | 6 ] 5 | a] 3] 2] 1] 0
WEIGHT SELECT DATA

Bits 7-0 WEIGHT SELECT DATA

The actual value will be supplied by S3 for specific panels.

Flat Panel FRC Control Register (SR39)

Read/Write Address: 3C5H, Index 39H
Power-On Default: 00H

7 6 5 4 | 3 1 ] o
R R R | FRCGRAY | R | PANELTYPE

N

Bit1-0 PANEL TYPE
00 = TFT panel
01 = Reserved
10 = STN panel. This setting enables FRC operation.
11 = Reserved

Bit2 Reserved

Bits 4-3 FRC GRAY - Frame Rate Control Gray Level Select
00 = 16 levels
01 =8levels
10 = Reserved
11 = Reserved

Bit 7-5 Reserved
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Flat Panel FRC Tuning 1 Register (SR3A)

Read/Write Address: 3C5H, Index 3AH
Power-On Default: 00H

7 | 6| 5| a3 21]1]0o0
TUNING DATA 158

The actual value will be supplied by S3 for specific panels. This is the Most Signifi-
cant Byte of the tuning data.

Flat Panel FRC Tuning 2 Register (SR3B)

Read/Write Address: 3C5H, Index 3BH
Power-On Default: 00H

7 | 6| 5 | a]l s3] 21110
TUNING DATA 7-0

The actual value will be supplied by S3 for specific panels. This is the Least Signifi-
cant Byte of the tuning value.

Flat Panel FRC Tuning 3 Register (SR3C)

Read/Write Address: 3C5H, Index 3CH
Power-On Default: 00H

7 6 5 4 3 2 1. | o
R R R R R | SIN | TUNING3

Bits 1-0 TUNING 3

The actual value will be supplied by S3 for specific panels.

Bit2 STM-STN Test Mode
0 = Normal operation
1 =STN Test Mode
This test mode is reserved for factory testin

Bits 7-3 Reserved
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Flat Panel Configuration Register (SR3D)

Read/Write Address: 3C5H, Index 3DH
Power-On Default: 00H

7 6 5 4 3 2 [ 1] o
SCDS | FPDS | SCS | LPS | CFGS | FP DATA FORMAT

Bits 2-0 FP DATA FORMAT
000 = 16-bit STN; 1 pixel/clock TFT (9-, 12-, 15- or 18-bit)

001 = 8-bit STN; 1 pixel/clock TFT (24-bit)

010 = 24-bit STN; 2 pixels/clock TFT (2x9-bit, 2x12-bit, 2x15, 2x18-bit)

Bit3

Bit5

Bit 6

Bit7

All other values are reserved. The STN definition applies if SR39_1-0 = 10b and the
TFT definition applies if SR39_1-0 = 00b.

CFGS - Pin Configuration Select for Flat Panel Data Signals

0 = lllegal value

1 = Pin configuration shown in Tables 11-1 and 11-2.

Note: This bit must be programmed to 1.

LPS - LP Stop (STN panels only)
0 = LP and FPSCLK enabled during vertical blank
1 =LP and FPSCLK disabled during vertical blank

SCS - Shift Clock Stop (STN panels only)
0 = FPSCLK enabled during the first line of vertical blanking
1 = FPSCLK disabled during the first line of vertical blanking

"This bit is valid only if SR3D_4 = 0.

FPDS - Fiat Panel Data Drive Strength
0 = Drive strength is 6 mA at 3.3V or 8 mA at 5V
1 = Drive strength is 12 mA at 3.3V or 16 mA at 5V

This bit affects FPD[23:0], PFDE and FPPOL. FPSCLK drive strength is controlled by
SR3D_7. This bit must be = 0 for 36-bit XGA panels.

SCDS- Shift Clock Drive Strength
0 = FPSCLK drive strength is 6 mA at 3.3V or 8 mA at 5V
1 = FPSCLK drive strength is 12 mA at 3.3V or 16 mA at 5V
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Flat Panel Pin Configuration Register (SR40)

Read/Write Address: 3C5H, Index 40H
Power-On Default: 00H

7 6 5 4 3 | 2 [ 1 0
POL | SCS | SCM |FPOFF FPSCLK DELAY R

Bit 0 Reserved
Bit 3-1 FPSCLK DELAY
Value = number of nanoseconds to delay FPSCLK

Bit4 FPOFF - Flat Panel Data and Control Signals Low
0 = Normal operation for flat panel outputs
1 = Force all flat panel data and control signals to logic 0

Bit5 SCM - Shift Clock Mask
0 = Allow the shift clock (FPSCLK) output to toggle during the non-display interval
1 = Force the shift clock (FPSCLK) output low during the non-display interval

The proper setting of this bit is panel-specific.
Bit 6 SCS - Shift Clock Select (TFT only)
0 = Pixels are clocked on the falling edge of FPSCLK
1 = Pixels are clocked on both the rising and falling edge of FPSCLK
Not all TFT panels provide the double-edge clocking mode.
Bit 7 POL - Polarity Enable (TFT only)
0 = FPPOL pin output disabled
1 = FPPOL pin output enabled

Polarity is available for 18- and 24-bit 1 pixel/clock modes and 2x18-bit 2 pixels/clock
mode.
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Flat Panel Power Sequence Control Register (SR41)

Read/Write Address: 3C5H, Index 41H
Power-On Default: 00H
7 | 6 5 4 3 2 1 0
STR R R PUP |PDWN| R R

Bits 1-0 Reserved

Bit2 PDWN - Power Down Phase
0 = FPVEE low to FP signals inactive and FP signals inactive to FPVDD low = 32 ms
1 = FPVEE low to FP signals inactive and FP signals inactive to FPVDD low = 128 ms

Bit3 PUP - Power Up Phase
0 = FPVDD high to FP signals active and FP signals active to FPVEE high = 32 ms
1 = FPVDD high to FP signals active and FP signals active to FPVEE high = 128 ms

Bits 54 Reserved

Bits 7-6 STR - Standby Timer Resolution
00 = 1 second
01 =1 minute
10 = 1 msec
11 =64 msec

Flat Panel Power Management Control Register (SR42)

Read/Write Address: 3C5H, Index 42H
Power-On Default: 00H

7 | e 5 4 3 2 1 0
SDBTIMER | SSTB | HSTB| R R |ssus| R

Bit 0 Reserved

Bit1 SSUS - Software Suspend
0 = Software suspend disabled
1 = Software suspend enabled

Bits 3-2 Reserved
Bit4 HSTB - Hardware Standby

0 = Hardware standby disabled
1 = Hardware standby enabled
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Bit5 SSTB - Software Standby
0 = Software standby disabled
1 = Software standby enabled

The BIOS must set this bit to 1 after a power-on reset, program the desired mode and
then clear this bit to 0 to initiate a power-up sequence.

Bits 7-6 SDB TIMER - Suspend Debounce Timer
00 =62.5 s
01 =2 seconds
1x = Immediate (used for testing)

Flat Panel Standby Control Register (SR43)

Read/Write Address: 3C5H, Index 43H
Power-On Default: 01H
7 | 6 1 5 | 4] 321110
R ACT STANDBY TIMEOUT VALUE

Bits 5-0 STANDBY TIMEOUT VALUE
Value = number of units to count before Standby mode is entered

The type of unit (second or minute) is selected via bit 7 of this register. Note that the
default timeout value is 1 second.

Bit6 ACT - Activity Enable
0 = Normal standby mode
1 = Activity function enabled

Bit7 Reserved

Flat Panel Power Management Register (SR44)

Read/Write Address: 3C5H, Index 44H
Power-On Default: 00H

7 6 5 4 3 2 1 0
R R R STBP | R=0 | R=0 | R=0 | R=0

Bits 3-0 Reserved = 0000b
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Bit4 STBP - Standby Pin

0 = To cause entry to Standby, the STANDBY pin must go high (which starts the
Standby counter) and remain high until the idle power down state is reached
after the Standby counter expires. Standby is exited when the STANDBY pin
goes low. Hardware Standby must be enabled (SR42_4 = 1)

1 = The Standby counter begins counting when hardware Standby is enabled
(SR42_4 = 1). Each rising edge of the STANDBY pin resets the counter (if not in
Standby) or takes the system out of Standby. When the system reaches the idle
power up state after exiting Standby, the Standby counter begins recounting.

Bits 7-5 Reserved

Flat Panel PLL Power Management Register (SR45)

Read/Write Address: 3C5H, Index 45H
Power-On Default: 00H

7 6 5 4 3 | 2 1 | o
R R R R REFRESH PLL WAIT

Bits 1-0 PLL WAIT
00=2ms
01=4ms
10 =8ms
11=16ms

This is the time from entering Suspend to powering-down of the PLLs and from leav-
ing Suspend to powering-up of the PLLs.

Bits 3-2 REFRESH
00 = Normal (8 ms)
01 = 16 ms slow refresh
10 = 64 ms slow refresh
11 = Self-refresh DRAM

Selections other than normal are used during Suspend. The DRAM must be able to
support the selected refresh type.

Bits 7-4 Reserved
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Flat Panel Power Management Status Register (SR46)

Read Only Address: 3C5H, Index 46H
Power-On Default: 00H

7 6 5 4
IDPUP | IDPDN| STBS R R R R R

w
N
-
o

Bits 4-0 Reserved

Bit5 STBS - Standby Status
0 = Not in Standby mode
1 = In Standby mode

Bit 6 IDPDN - idle Power Down State
0 = Not in idle power down state
1 = In idle power down state

This is the state immediately after a panel power down sequence.
Bit 7 IDPUP - Idle Power Up State

0 = Not in idle power up state

1 =In idle power up state

This is the state immediately after a panel power up sequence.

CLUT Control Register (SR47)

Read/MWrite Address: 3C5H, Index 47H
Power-On Default: 00H

7 6 5 4 1 ]| o
R R R R R R | CLUT SELECT

w
N

Bits 1-0 CLUT SELECT
00 = CLUT1 and CLUT2 enabled and mirrored for CPU writes

01 = CLUT1 only for CPU writes and reads mapped at 3C7H, 3C8H, 3C9H
10 = CLUT2 only for CPU writes and reads mapped at 3C7H, 3C8H, 3C9H

11 = Reserved

Bits 7-2 Reserved
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Icon Mode Register (SR48)

Read/Write Address: 3C5H, Index 48H
Power-On Default: 00H

7 6 | 5 | a 3 2 1 0
R ICON MAP 2y | 2x [imob] IEN

Bit 0 IEN - icon Enable
0 = Hardware icon disabled
1 = Hardware icon enabled

Bit1 IMOD - Icon Mode
0 = 4 opaque colors
1 = 3 opaque colors and 1 transparent color

When this bit is cleared to 0, the color of each icon pixel (2 bits/pixel) is defined as:
00 = Color 0
01 = Color 1
10 = Color 2
11 =Color 3

When this bit is set to 1, the color of each icon pixel (2 bits/pixel) is defined as:
00 = Color 0

01 = Color 1

10 = Color 2

11 = Transparent (the current frame buffer pixel is not overwritten)

The hardware icon colors are defined in SR49.
Bit2 2X- Double X

0 = Horizontal size is 64 pixels

1 = Horizontal size is 128 pixels

If this bit is set to 1, each pixel is duplicated in the horizontal direction.
Bit3 2Y-DoubleY

0 = Vertical size is 64 pixels

1 = Vertical size is 128 pixels

If this bit is set to 1, each pixel is duplicated in the vertical direction.
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Bits 6-4 ICON MAP
000 = Select hardware icon map 0
001 = Select hardware icon map 1
010 = Select hardware icon map 2
011 = Select hardware icon map 3
100 = Select hardware icon map 4
101 = Select hardware icon map 5
110 = Select hardware icon map 6
111 = Select hardware icon map 7

The icon maps are located in contiguous memory starting at the location pro-
grammed in SR4E.

Bit 7 Reserved

Icon Color Stack Register (SR49)

Read/Write Address: 3C5H, Index 49H
Power-On Default: Undefined

This register allows four 24 bits/pixel colors to be defined for the hardware icon. Twelve 8-bit in-
dexed registers are stacked at this address. A read of SR48 resets the index to 0. Each read or write
of this register increments the index by 1, so the entire content can be read/written via successive
accesses. The colors used for the icon are selected via SR48_1. Colors data for color depths other
than 24 bits/pixel use the appropriate number of low-order bits.

7 | 6 | 5 | 4 | 3211110
COLOR DATA

Bits 7-0 COLOR DATA

Index 0 = Color 0 low (blue) byte
Index 1 = Color 0 middle (green) byte
Index 2 = Color 0 high (red) byte
Index 3 = Color 1 low (blue) byte
Index 4 = Color 1 middie (green) byte
Index 5 = Color 1 high (red) byte
Index 6 = Color 2 low (blue) byte
Index 7 = Color 2 middle (green) byte
Index 8 = Color 2 high (red) byte
Index 9 = Color 3 low (blue) byte
Index A = Color 3 middle (green) byte
Index B = Color 3 high (red) byte
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Icon X Position High Register (SR4A)

Read/Write Address: 3C5H, Index 4AH
Power-On Default: Undefined

7 6 5 4 3 2 [ 1] o
R R R R R | XPOSITION HIGH

Bits 1-0 X POSITION HIGH
Value = High order 3 bits of the icon horizontal coordinate
The low order bits are found in SR4B.

Bits 7-2 Reserved

Icon X Position Low Register (SR4B)

Read/Write Address: 3C5H, Index 4BH
Power-On Default: Undefined
7 16 ] 5 | a3 2]1]coe
X POSITION LOW

Bits 7-0 X POSITION LOW
Value = Low order 8 bits of the icon horizontal coordinate

The high order 3 bits are found in SR4A.
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Icon Y Position High Register (SR4C)

Read/Write Address: 3C5H, Index 4CH
Power-On Default: Undefined

7 6 5 4 3 2 [ 1] o
R R R R R | YPOSITION HIGH

Bits 1-0 Y POSITION HIGH
Value = High order 3 bits of the icon vertical coordinate
The low order bits are found in SR4D.

Bits 7-2 Reserved

Icon Y Position Low Register (SR4D)

Read/Write Address: 3C5H, Index 4DH
Power-On Default: Undefined

7 | 6 | 5 | a |l 3] 211710
Y POSITION LOW

Bits 7-0 Y POSITION LOW
Value = Low order 8 bits of the icon vertical coordinate

The high order 3 bits are found in SR4C.
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Icon Address Register (SR4E)

Read/Write Address: 3C5H, Index 4EH
Power-On Default: 00H
7 | 6 [ 5 | a ] 3] 2]11]°0o
ICON ADDRESS

Bits 7-0 ICON ADDRESS
Value = Base address in the frame buffer for the hardware icon maps
The address is specified in 8K increments if the memory size is 2 MBytes or less and

in 8K increments starting at the 2-MByte boundary if the memory size is 4 MBytes.
The selection of a specific icon map is made via SR48_6-4.

Dual-Scan STN Data Address Register (SR4F)

Read/Write Address: 3C5H, Index 4FH
Power-On Default: 00H

7 | 6 ] 5 | a3 ][ 2]11]°0o
DD-STN DATA ADDRESS ADJUSTMENT

Bits 7-0 DD-STN DATA ADDRESS ADJUSTMENT

Value = Number of 8K units to reserve between the top of video memory and the
start of the STN data area.
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Dual-Scan STN Frame Buffer Size Low Register (SR50)

Read/Write Address: 3C5H, Index 50H
Power-On Default: 00H

7 | 6 [ 5 | a ]3] 21110
DD-STN FRAME BUFFER SIZE LOW

Bits 7-0 DD-STN FRAME BUFFER SIZE LOW
Value = lower byte of the STN frame buffer size in quadwords
The STN frame buffer size in quadwords is calculated using the following equation:
Frame Buffer Size = Horizontal size (in quadwords) x 1/2 vertical size (in lines)
Horizontal Size = [(SR61+1) x 3 x 8/64] quadwords rounded up to the nearest integer.
Note that the value programmed in SR61 is in 8-pixel characters and data in the
frame buffer is 3 bits/pixel. An equivalent formula is:
Horizontal Size = horizontal resolution in pixels x 3/64 (rounded up).

1/2 Vertical Size = 1/2 [SR69 + 1] or:

1/2 Vertical Size = 1/2 vertical resolution in lines

Dual-Scan STN Frame Buffer Size High Register (SR51)

Read/Write ' Address: 3C5H, Index 51H
Power-On Default: 00H

7 1l 6 | 5 | 4 3| 2170
DD-STN FRAME BUFFER SIZE HIGH

Bits 7-0 DD-STN FRAME BUFFER SIZE HIGH
Value = upper byte of STN frame buffer size in quadwords

See SR50 for an explanation of how to determine the value to be programmed in this
register.
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Flat Panel PWM Register (SR52)

Read/Write Address: 3C5H, Index 52H
Power-On Default: 00H

6 | 5 | & 3 2 1 0
R | PWMCLOCKDIVIDE | R R | Psc | pwm

~

Bit0 PWM - Pulse Width Modulation Enable
0 = PWM disabled
1 =PWM enabled

If the DRAM type is not 512Kx32 and this bit is set to 1, pin M17 acts as the PWM
signal.

Bit1 PSC - PWM Source Clock Select

0 = Generate PWM signal from the 14.31818 MHz reference clock
1 = Generate PWM signal from the PCI clock (SCLK)

Bits 3-2 Reserved

Bits 6-4 PWM CLOCK DIVIDE
000 = PWM source clock is not pre-divided
001 = PWM source clock is pre-divided by 1.5
010 = PWM source clock is pre-divided by 2
100 = PWM source clock is pre-divided by 3
All other values are reserved.
PWM clock frequency = PWM source clock/pre-divisor/256

The inversion of this is the PWM period used in the PWM duty cycle specification in
SR53.

Bit 7 Reserved

EXTENDED SEQUENCER REGISTER DESCRIPTIONS 18-43



ﬁ 86CM65 Dual Display Accelerator

$3 incorporated

Flat Panel PWM Duty Cycle Register (SR53)

Read/Write Address: 3C5H, Index 53H
Power-On Default: 00H

7 1 6 1 5 | a3 ] 21]1]0
PWM DUTY CYCLE

Bits 7-0 PWM DUTY CYCLE
Value = 256 (x/p)

where x = high time of the PWM signal and p = period of the PWM signal, both in
nanoseconds. The period is determined as explained for SR52_6-4. A programmed
value of 00H causes the PWM signal to be DC low. A programmed value of FFH
causes the PWM signal to be DC high.

Flat Panel Horizontal Compensation 1 Register (SR54)

Read/Write Address: 3C5H, Index 54H
Power-On Default: 00H

7 6 5 4 3 | 2 1 0
FPLG | R R | HCE | GRAPHEXP | TEXT EXP

Bits 1-0 TEXT EXP - Text Mode Horizontal Expansion
00 = Horizontal expansion disabled
01 = Horizontal expansion enabled up to a maximum expansion factor of 1.25.
10 = Reserved
11 = Horizontal expansion enabled up to the horizontal panel size. For VGA panels,
9-dot text modes will be forced to 8-dot text modes

The 11b setting will normally be used unless the expansion causes the text to look
bad. In this case, the 01 setting can be used for panels larger than 800 columns to
limit the expansion and eliminate the undesirable visual effects.

Bits 3-2 GRAPH EXP - Graphics Mode Horizontal Expansion
00 = Horizontal expansion disabled
01 = Horizontal expansion enabled up to a maximum expansion factor of 1.25.
10 = Reserved
11 = Horizontal expansion enabled up to the horizontal panel size. For VGA panels,
9-dot text modes will be forced to 8-dot text modes

The 11b setting will normally be used unless the expansion causes the text to look
bad. In this case, the 01 setting can be used for panels larger than 800 columns to
limit the expansion and eliminate the undesirable visual effects.
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Bit4 HCE - Horizontal Centering Enable
0 = Horizontal centering disabled
1 = Horizontal centering enabled

Bits 6-5 Reserved
Bit 7 FPLG - Flat Panel Line Graphics Enable
0 = The ninth dot of a text character (SR1_0 = 0) is the same color as the background
1 = Special line graphics character codes enabled

This bit performs the same function as AR10_2 in CRT mode.

Flat Panel Horizontal Compensation 2 Register (SR55)

Read/Write Address: 3C5H, Index 55H
Power-On Default: 00H

The bits in this register control enabling of horizontal expansion in specific text/graphics modes.
They are effective only if text mode horizontal expansion is enabled via SR54_1-0. Horizontal expan-
sion for all other modes not controlled by these bits is controlled by SR54_3-0.

7 6 5 4 3 2 1 0
1024C| 800C | 640C | 80C | 40C

Bit 0 40C - 40-character Text Mode Horizontal Expansion Enable
0 = Horizontal expansion disabled in 40-character text mode
1 = Horizontal expansion enabled in 40-character text mode

This bit is effective only if text mode horizontal expansion is enabled via SR54_1-0.

Bit 1 80C - 80-character Text Mode Horizontal Expansion Enable
0 = Horizontal expansion disabled in 80-character text mode
1 = Horizontal expansion enabled in 80-character text mode

This bit is effective only if text mode horizontal expansion is enabled via SR54_1-0.

Bit2 640C - 640-column Graphics Mode Horizontal Expansion Enable
0 = Horizontal expansion disabled in 640-column graphics mode
1 = Horizontal expansion enabled in 640-column graphics mode

This bit is effective only if graphics mode horizontal expansion is enabled via
SR54_3-2.

Bit 3 800C - 800-column Graphics Mode Horizontal Expansion Enable
0 = Horizontal expansion disabled in 800-column graphics mode
1 = Horizontal expansion enabled in 800-column graphics mode

This bit is effective only if graphics mode horizontal expansion is enabled via
SR54_3-2.
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Bit4 1024C - 1024-column Graphics Mode Horizontal Expansion Enable
0 = Horizontal expansion disabled in 1024-column graphics mode
1 = Horizontal expansion enabled in 1024-column graphics mode

This bit is effective only if graphics mode horizontal expansion is enabled via
SR54_3-2.

Bits 7-5 Reserved

Flat Panel Vertical Compensation 1 Register (SR56)

Read/Write Address: 3C5H, Index 56H
Power-On Default: 00H

7 6 5 4 3 | 2 1 | o
R R R | VCE | GRAPH EXP | TEXT EXP

Bits 1-0 TEXT EXP - Text Mode Vertical Expansion
00 = Vertical expansion disabled
01 = Vertical expansion enabled up to a maximum of 480 lines
10 = Reserved
11 = Vertical expansion enabled up to the vertical panel size

The 11b setting will normally be used unless the expansion causes the text to look
bad. In this case, the 01 setting can be used for panels larger than 480 lines to limit
the expansion and eliminate the undesirable visual effects.

Bits 3-2 GRAPH EXP - Graphics Mode Vertical Expansion
00 = Vertical expansion disabled
01 = Vertical expansion enabled up to a maximum of 480 lines
10 = Reserved
11 = Vertical expansion enabled up to the horizontal panel size.

The 11b setting will normally be used uniess the expansion causes the text to look
bad. In this case, the 01 setting can be used for panels larger than 480 lines to limit
the expansion and eliminate the undesirable visual effects.

Bit4 VCE - Vertical Centering Enable
0 = Vertical centering disabled
1 = Vertical centering enabled

Bits 7-5 Reserved
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Flat Panel Vertical Compensation 2 Register (SR57)

Read/Write Address: 3C5H, Index 57H
Power-On Default: 00H

The bits in this register control enabling of vertical expansion in specific text/graphics modes. Verti-
cal expansion for all other modes not controlled by these bits is controlled by SR56_3-0.

7 6 5 4 3 2 1 0
R 768G | 600G | 480G | 200G | 350G | 200T | 350T

Bit 0 350T - 350-line Text Mode Vertical Expansion Enable
0 = Vertical expansion disabled in 350-line text mode
1 = Vertical expansion enabled in 350-line text mode

This bit is effective only if text mode vertical expansion is enabled via SR56_1-0.
Bit 1 200T - 200/400-line Text Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 200/400-line text mode

1 = Vertical expansion enabled in 200/400-line text mode

This bit is effective only if text mode vertical expansion is enabled via SR56_1-0.
Bit2 350G - 350-line Graphics Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 350-line graphics mode

1 = Vertical expansion enabled in 350-line graphics mode
Bit 3 200G - 200/400-line Graphics Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 200/400-line graphics mode

1 = Vertical expansion enabled in 200/400-line graphics mode

This bit is effective only if graphics mode vertical expansion is enabled via SR56_3-2.
Bit4 480G - 480-line Graphics Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 480-line graphics mode

1 = Vertical expansion enabled in 480-line graphics mode

This bit is effective only if graphics mode vertical expansion is enabled via SR56_3-2.
Bit5 600G - 600-line Graphics Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 600-line graphics mode

1 = Vertical expansion enabled in 600-line graphics mode

This bit is effective only if graphics mode vertical expansion is enabled via SR56_3-2.
Bit 6 768G - 768-line Graphics Mode Vertical Expansion Enable

0 = Vertical expansion disabled in 768-line graphics mode

1 = Vertical expansion enabled in 768-line graphics mode

This bit is effective only if graphics mode vertical expansion is enabled via SR56_3-2.

EXTENDED SEQUENCER REGISTER DESCRIPTIONS 18-47



y‘ 86CM65 Dual Display Accelerator

$3 Incorporated

Bit 7 Reserved

Flat Panel Horizontal Border Register (SR58)

Read Only Address: 3C5H, Index 58H
Power-On Default: 00H
7 | 6 | 5 [ a3 |21 11]c0o
FP HORIZONTAL BORDER 70

Bits 7-0 FP HORIZONTAL BORDER 7-0

9-bit Value = number of character clocks per horizontal line not used by the video
image.

Bit 8 of this value is in SR59_0.

Flat Panel Horizontal Expansion Factor Register (SR59)

Read Only Address: 3C5H, index 59H
Power-On Default: 00H

7 6 | 5 | 4 3 2
R | HORIZEXP FACTOR | R R R | HBS

-
o

Bit 0 HB8 - Flat Panel Horizontal Border Bit 8
Bits 7-0 are in SR58.
Bits 3-1 Reserved

Bits 6-4 HORIZ EXP FACTOR
000 = panel size < image size
001 = 1 1/8x image size > panel size = image size
010 =illegal
011 = 1 1/4x image size > panel size > 1 1/8x image size
100 = 1 1/2x image size > panel size 2 1 1/4x image size
101 = illegal
110 = 2x image size > panel size = 1 1/2x image size
111 = panel size = 2x image size

Bit 7 Reserved
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Flat Panel Vertical Border Register (SR5A)

Read Only Address: 3C5H, Index 5AH
Power-On Default: 00H
7 | 6 | 5 ] a3 21110
FP VERTICAL BORDER 7-0

Bits 7-0 FP VERTICAL BORDER 7-0
9-bit Value = number of lines not used by the video image

Bit 8 of this value is SR5B_0.

Flat Panel Vertical Expansion Factor Register (SR5B)

Read Only Address: 3C5H, Index 5BH
Power-On Default: 00H
7 | 6 | 5 | a 3 2 1 0
VERT EXP FACTOR LRI | VvCD | VED | VB8

Bit 0 VB8 - Flat Panel Vertical Border Bit 8
Bits 7-0 are in SR5A.

Bit 1 VED - Vertical Expansion Detect
0 = No vertical expansion
1 = Automatic vertical expansion is being done or would be being done if enabled.

This bit is used only for test puposes.
Bit2 VCD - Vertical Centering Detect
0 = No vertical centering
1 = Automatic vertical centering is being done (it must be enabled)
This bit is used only for test puposes.
Bit 3 LRI - Line Repeat Indicator
0 = Current scan line will be repeated on the next scan line
1 = Current scan line will not be repeated on on the next scan line

This bit is used only for test puposes.
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Bits 7-4 VERT EXP FACTOR
0000 = No expansion
0001 = lllegal
0010 = Double every third line
0011 = Expand 16-line text to 19-line text
0100 = Double every fifth line
0101 = Expand 14-line text to 19-line text
0110 = Double every fourth line
0111 = Double every second line
1000 = Double every line
1001 = Double three lines and triple the fourth, repeat
1010 = Expand 8-line text to 19-line text
1011 = Double four lines and triple the fifth, repeat
1100 = Double two lines and triple the third, repeat
1101 = lllegal
1110 = Double one line and triple the second, repeat
1111 = Quadruple every line

Flat Panel Display Enable Position Control Register (SR5C)

Read/Write Address: 3C5H, Index 5CH
Power-On Default: Undefined

The fields in this register are effective only for Enhanced modes (8 bits/pixel or higher). The BIOS
should program this register to 77H on reset.

7 ] 6 ] 5 | a 3 | 2] 1] o
FPDEC2 FPDEC]

Bits 3-0 FPDECH1 - Flat Panel Display Enable Control 1
value = starting position of the horizontal and vertical display enables for Controller 1

This field should normally be left at its default value of 0111b. A smaller value causes
the display enables to be moved earlier by the difference between the programmed
value and the nominal value. A larger value causes the display enables to be moved
later by the difference between the programmed value and the nominal value. Each
difference unit causes a shift of 1 DCLK.

Bits 7-4 FPDEC?2 - Flat Panel Display Enable Control 2
value = starting position of the horizontal and vertical display enables for Controller 2

This field should normally be left at its default value of 0111b. A smaller value causes
the display enables to be moved earlier by the difference between the programmed
value and the nominal value. A larger value causes the display enables to be moved
later by the difference between the programmed value and the nominal value. Each
difference unit causes a shift of 1 DCLK.
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Flat Panel/CRT Sync Position Control Register (SR5D)

Read/Write
Power-On Default: 77H

Address: 3C5H, Index 5DH

The fields in this register are effective only for Enhanced modes (8 bits/pixel or higher). The BIOS
should program this register to 77H on reset.

7 | 6 | 5 | a 3 | 2 [ 1] o
FP/CRTSC2 FP/CRTSC1

Bits 3-0 FP/CRTSC1 - Flat Panel/CRT Sync Control 1
value = starting position of the horizontal and vertical syncs for Controller 1
This field should normally be left at its default value of 0111b. A smaller value causes
the syncs to be moved earlier by the difference between the programmed value and
the nominal value. A larger value causes the syncs to be moved later by the differ-
ence between the programmed value and the nominal value. Each difference unit
causes a shift of 1 DCLK.

Bits 7-4 FP/CRTSC2 - Flat Panel Sync Control 2

value = starting position of the horizontal and vertical display enables for Controller 2

This field should normally be left at its default value of 0111b. A smaller value causes
the syncs to be moved earlier by the difference between the programmed value and
the nominal value. A larger value causes the syncs to be moved later by the differ-
ence between the programmed value and the nominal value. Each difference unit
causes a shift of 1 DCLK.

FIFO Control Register (SR5F)

Read/Write Address: 3C5H, Index 5FH
Power-On Default: 00H
7 6 5 4 3 2 1 0
R R R C2FR | SRF | SWF | C2F | C1F
Bit0 Controller 1 FIFO

0 = Normal operation
1 = Controller 1 FIFO memory access requests disabled

This bit is used only for test purposes. When set, CR22_7 must also be set for Control-
ler 1. .
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Bit1 C2F - Controller 2 FIFO
0 = Normal operation
1 = Controller 2 FIFO memory access requests disabled

This bit is used only for test purposes. When set, CR22_7 must also be set for Control-
ler 2.

Bit2 SWF - STN Write FIFO
0 = Normal operation
1 = STN write FIFO memory access requests disabled
This bit is used only for test purposes.
Bit3 SRF - STN Read FIFO
0 = Normal operation
1 =STN read FIFO memory access requests disabled
This bit is used only for test purposes.
Bit4 C2FR - Controller 2 FIFO Rate
0 = 2 MCLK reads for Controller 2 FIFO
1 =2 MCLK reads for Controller 2 FIFO
This bit is set to 1 when 1-cycle EDO operation is selected (CR36_3-2 = 00b)

Bits 7-56 Reserved

Flat Panel Horizontal Total Register (SR60)

Read/Write . Address: 3C5H, Index 60H
Power-On Default: Unde