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SPITFIRE OTI-64107/64105

CHAPTER 1: OVERVIEW

1.1 FEATURES
+ True 64-bit Architecture

+ Screen resolutions:

- 1280 x 1024, 256 colors @ 75Hz
Non-interlaced

- 1024 x 768, 16M colors @ 60Hz
Non-interlaced

+ 0.6-m CMOS technology
¢ 240-pin PQFP (0.5 mm lead pitch)

TRUE MULTIMEDIA PORT
(0OTI-64107 only)

+ 16-bit data path

+ Shared DRAM frame buffer for
graphics and video

+ 33MHz transfer rate, 66Mbytes/sec
data bandwidth
+ Video Masking (using a standard
inexpensive RAMDAC) allows:
- Text, Graphics, or Animation
over video
- Live video does not freeze
under a pull-down menu
- Arbitrarily shaped video
windows
- Multiple video windows
¢ Supports chroma keying with a
special RAMDAC
+ Hardware cursor on video
¢ Scaling:x2,x4,x8

+ Glueless live video support for the
most popular video chips

« I*)C interface built-in

+ Modular upgradability, live video
can be added as an option

(Features continued on next page)

1.2 GENERAL DESCRIPTION

The Spitfire™, OTI-64107 and OTI-64105 are pin-compatible, high-perfor-
mance 64-bit DRAM GUI Accelerators. The OTI-64107 also provides
integrated multimedia support with a 16-bit interface and a shared display
memory architecture. Spitfire’s unique architecture allows the simultaneous
display of multiple, overlapping video and graphics windows.

Both chips interface directly to the PCI bus as well as to the VL and ISA
buses, with no external logic. Spitfire’s 64-bit drawing engine and 64-bit
DRAM interface provides high performance at a cost-effective price. Addi-
tionally, Spitfire supports Windows NT quaternary ROP’s and Windows 3.x
ternary ROP’s providing dramatic performance improvement by executing
typical software driver functions in hardware. On the PCI bus, Spitfire
supports direct burst read from system memory and direct burst write to
system memory for faster memory to screen and screen to memory transfers.

Combined with the OTI-088 Clock/DAC (24-bit pixel port) and DRAM, the
Spitfire provides a complete, high-performance graphics solution with
multimedia support. Using the OTI-64105, manufacturers can implement a
cost effective GUI accelerator which can later be upgraded to add multimedia
support by replacing the OTI-64105 with the OTI-64107 without the need for
a board redesign.

N\

Multimedia Port

16

OTI-64107
- or
16, 32 0TI-64105

ATT20C499
or OTI-088
CIkDAC

| Monitor

8, 16,24

PCI, VL or ISA

32, 64

Shared Graphics
and
Video Memory

<

Spitfire System Block Diagram
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Chapter 1

FEATURES (Cont.) + ISA/VL/PCI buses supported
+ High-Performance Drawing Engine: - Write buffer
- Bitblt engine with color expansion/conversion and - Memory mapped /O
chipping
¢ 4Gbytes memory addressi bili
- Supports four independent bitmaps (source, y ry addressing capabiity
destination, pattern, mask) ¢ Glueless 32-bit VL-bus interface
- Supports Windows NT quaternary ROPs and + PCIbus:
Windows 3.1 ternary ROPs - Glueless 32-bit PCI bus interface
- Line drawing, Area Fills, and CPU assisted drawing - Master Mode support
mode

- Direct burst transfer to/fr t
- 1, 8, 16, 32 bits/pixel mree anster to/from system memory
- 4Gbytes memory addressing capability

+ Hardware Cursor:
+ Output pixel port:

- 64 x 64 x 2 bits/pixel, at 16M colors

. - 8/16/24-bit
+ Frequency of operation: - Directly inputs to OTI-088 24-bit CIKDAC
- Pclk=110MHz - Allows multiple pixel packing
- Mclk=66MHz - Supports 1280 x 1024 x 256 colors at 75Hz
. (135-MHz clock) by multiple pixel packing out of
+ Display Memory the OTI-64107
- Typical 2Mbytes of DRAM + EEPROM support for switchless implementation
- Up to 8Mbyt
pto yies + Fully integrated Feature Connector support,
- Supports 256K x 16, 512K x 8, IM x 4, 256K x 8, compliant with VESA VAFC Proposal 1.0 p
and 256K x 4 DRAMS

- 32/64-bit display memory data bus
- Programmable display memory timing

Spitfire Actual Package Size

Oak Technology, Inc. 1-2 Preliminary Specification
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SPITFIRE OTI-64107/64105

CHAPTER 2: INTERFACE DESCRIPTION

This section describes the interfaces of the OTI-64105/107 to the other components of the graphics subsystem. The
Display Memory interface and the interface to the Multimedia Port are described in subsequent sections. The OTI-
64105 and the OTI-64107 are pin-compatible parts, except the OTI-64105 does not have the Multimedia Port. The
Multimedia Port pins are No-Connects for the OTI-64105. The OTI-64105/107 Interface Diagram is shown below:

In the rest of this document, these two pin-compatible parts are referred to as the OTI-64107 or 64107.
The following interfaces have been described in the following sections:

2.1 System bus interface

2.2 DAC interface

2.3 Clock interface

2.4 ROM BIOS interface

2.5 Feature connector interface
2.6 EEPROM/Dipswitch interface

2.1 System BusInterface

The OTI-64107 can be configured to interface directly to the three standard system buses in use today: VL, PCI and
ISA. The chip configures itself to interface to a particular bus during hardware reset through the Hardware Configura-
tion Register 1 (reg 3DF.07). The VL interface is compliant to the VESA VL-Bus Specification Version 2.0p, Revi-
sion 0.93p, dated 9/23/1993. The PCI interface is compliant to the PCI Local Bus Specification Revision 2.0, dated 4/
30/1993. The ISA interface is compatible to the IEEE P996 standard for 8-bit and 16-bit ISA bus.

211 VL-Bus

The OTI-64107 supports both /O and memory cycles on the VL-bus up to 5S0MHz. I/O cycles are minimally one wait
state and programmable up to five wait states. Memory write cycles are designed to run at 0-2 wait states on cache hit
cycles, depending on the speed of the bus. Strictly following the VL-bus specification of 4 ns setup time for address
and data would force the controller to run at a minimum of one wait. Memory mapped I/O write cycles are minimally
one wait state and programmable up to five wait states, while memory mapped /O read cycles are minimally two wait
states and programmable up to six wait states. As a general rule of thumb, the memory write cycles are zero wait state
at a 25MHz bus speed, and one wait state at 33-50MHz bus speeds.

32-bit /O is supported for Extended System Interface registers (2xxx). Standard VGA and Oak Extended registers at
3DE/3DF can only be supported with word or byte cycles. DAC and Auxiliary registers can only be supported with
byte cycle. BIOS and drivers must take care of this.

OTI-64107 does not support Bus Mastering or Burst mode on the VL-bus.

See VESA VL-Bus Specification for more operational information on the VL-bus.

Oak Technology, Inc. 2-1 Preliminary Specification
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Chapter 2

2.1.2 PCIBus

The 32-bit PCI bus is supported up to 33MHz. I/O and Configuration cycles are minimally one wait state and pro-
grammable up to five wait states. Memory cycles, both read and write, are minimally one wait state and maximally
three wait states. Memory mapped I/O write cycles are minimally one wait state and programmable up to five wait
states, while memory mapped /O read cycles are minimally two wait states and programmable up to six wait states.

32-bit /O is supported for Extended System Interfac. registers (2xxx). Standard VGA and Oak Extended registers at
3DE/3DF are only be supported with word or byte cycles. DAC and Auxiliary registers are only supported with byte

cycles.

Bus mastering and burst mode are supported for the PCI bus. However, physical memory address must be used in
order to use master mode. Parity generation is supported but there is no parity checking.

See PCI Local Bus Specification (Rev 2.0) for more details.

21.3 ISABus

The OTI-64107 provides zero wait state memory operations and 1 wait /O on ISA bus up to 12.5MHz. Faster bus
systems should disable the zero wait state feature. DAC and Auxiliary registers can only be supported with byte cycle,
I016n will not be generated for these cycles.

Bus Mastering is not supported.

Oak Technology, Inc. 2-2 Preliminary Specification
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Interface Description
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Chapter 2
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Figure 2.2 - VL Bus Block Diagram using AT&T20C409 Precision DAC™
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Interface Description
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Figure 2.3 - PCI Bus Block Diagram (Glueless) with the Multimedia Port
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Chapter 2
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Interface Description
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Chapter 2

2.2 DAC Interface

DAC VO only supports 8-bit transfers. For ISA or PCI bus implementation, DAC system data is routed through BD
bus to the system bus. For VL bus implementation, DAC system data is routed to the ISA bus through external
buffers. OTI-64107 will always decode address and status/command to generate DACRDn and DACWRn for the
DAC I/O commands. DAC address space by default is 3C6-3C9. Extended DAC I/O space can be supported from
2x80-2x9F. T- ‘X’ is programmable and defaults to 1. See system block diagrams for more information.

The OTI-64107 can be configured to be either 8-, 16-, or 24-bit pixel bus support. Hi-color and true-color support in
8-bit configuration is the same as 87X (double or triple frequency). Hi-color support in 16-bit pixel bus will allow the
controller to run at regular frequency instead of doubling. True-color support in 16-bit pixel bus will require doubling
frequency (with one byte wasted or with packed format), but not tripling the frequency. For high resolution (1280 x
1024) 256 color modes, there is an option to send two 8-bit pixels out at a time and consequently the pixel clock can

be half the regular RAMDAC frequency.

24-bit pixel bus is supported for true color modes only. Due to pin limitations on the VL bus, pins P[23:16] are
available only when the OTI-64107 is on either ISA or PCI buses. 24-bit pixel bus allows the OTI-64107 to support
true color at higher resolution wit . it having to double or triple the pixel clock frequency. See Pixel Interface register
for more information on various modes supported at different pixel bus widths.

2.3 Clock Interface

Up to 16 external video clock frequencies can be selected by four programmable clock select output pins. Video clock
frequencies can be supported up to 110MHz. These programmable pins can also be used as clock and data pins for
serially programmable clock sources, allowing the OTI-64107 to support both VESA and conventional video frequen-

cies without any hardware switches.

Memory clock is selectable through either software if the clock chip is programmable, or by hardware through
jumpers if the clock chip has fixed frequencies. Memory clock can be supported up to 66MF -

The dual clock synthesizers of the OTI-088 SynDAC have been designed for a glueless and flexible interface for the
OTI-64107. The OTI-088 has two programmable pins which are used for clock and serial data inputs. The OTI-64107
sends out a 16-bit serial data stream to program each of the Video Clock and Memory Clock registers in the OTI-088.
The register description of the Video Clock Select register (3DF index 6) explains how the OTI-64107 programs the
OTI-088. Also refer to the ¢ --088 data sheet for more details on the clock interface.

The OTI-64107 can also be used with the AT&T PrecisionDAC's AT&T20C409 (16-bit pixel port for VL bus) and
AT&T20C499 (24-bit pixel port for PCI bus). The PrecisionDAC's are programmed over the parallel 8-bit data bus.
Please refer to the appropriate datasheet for more details on the clock interface.

24 ROM BIOS Interface

For ISA ° s configuration, the OTI-64107 can support either one (8-bit BIOS) or two ROMs (16-bit BIOS). The
ROM d. . is routed back to the ISA bus through the BD bus and the external buffers if two ROM’s are used.

For VL bus configuration, only a single ROM (8-bit BIOS) can be used. The BIOS ROM can only be on the ISA bus.
ROM data is routed back to the ISA bus through an external buffer.

For PCI bus configuration, only a single ROM (8-bit BIOS) can be supported. The ROM address is connected to
ADI[14:0], while the data is connected to BD[7:0]. During ROM read cycles, the OTI-64107 latches the lower system
address AD[14:0] to generate internal RA[14:0] and drives them out through AD[14:0], generates ROMENLn as a
ROM output enable signal, and toggles the RA[1:0] appropriately depending on whether the current cycle is a byte, a
word or a doubleword. If it is a word or a double word, the OTI-64107 toggles the RA[1:0] and latches in the ROM
data through AD[7:0] bus, aligns the data, and sends it back out to AD[31:0]. Wait states are automatically asserted
for the ROM access, assuming MCLK is 66MHz and the slowest ROM speed is 120ns.

Oak Technology, Inc. 2-8 Preliminary Specification
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Interface Description

ROM BIOS address space is assumed to be at CO000h. ROM BIOS support as described above can be enabled or
disabled through the Hardware Configuration Register 2.

2.5 Feature Connector Interface

The OTI-64107 supports the feature connector in all configurations. The OTI-64107 feature connector support is
compliant to the VESA Standard VGA Pass-Through Connector (VSVPC), and is compliant to the VESA Advanced
Feature Connector (VAFC) with an appropriate DAC/Synthesizer like the OTI-088. For VAFC, base line compliance
is readily achieved with OTI-64107 and any 16-bit pixel port DAC, with clock doubling modes, and 5:6:5 RGB
format, such as the OTI-088. To be VAFC compliant in extended modes, a more advanced DAC such as the Bt885 is

needed.

Pins EPDATA, EPCLK, and ESYNC are inputs to the chip to enable/disable P{23:0], PCLK, and BLANKn/HSYNC/
VSYNC respectively. Pins HSYNC & VSYNC have AC timing requirements with respect to PCLK to meet the VAFC

specification.

Although PCLK can operate up to 110MHz, it is not meant to drive the feature connector at this speed. Feature
connector operation should be limited to 40MHz or less.

Pin GRDY is currently not generated from the OTI-64107, but with appropriate timing, BLANKn can be used to
generate GRDY for the feature connector.

2.6 EEPROM/Dipswitch Interface

A small EEPROM (1024x1) can be supported to enable the add-on card or the graphics subsystem to be switchless.
Because the control pins for the EEPROM interface are muxed with clock select pins, the EEPROM should be
programmed or read during POST only. See EEPROM Control Register (3DF index E) description for more details.
For cost saving purposes, an 8-bit dipswitch can be supported in place of the EEPROM. The dipswitch support does
not need external buffers. Dipswitch can be read at anytime through extended register 3DF index D.

Oak Technology, Inc. 2-9 Preliminary Specification
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SPITFIRE OTI-64107/64105

CHAPTER 3: DISPLAY MEMORY INTERFACE

The OTI-64107 supports a wide variety of DRAM types. It supports 64K x 16, 256K x 4, 256K x 8, 256K x 16,
512K x 8, and 1M x 4 DRAMs. The OTI-64107 provides all the necessary control signals, address and data lines to
access the display memory in fast page mode.

The wide variety of support for different DRAM types has been provided to take care of the contingency if
availabilities of some DRAMs become scarce. The maximum display buffer size is 8Mbytes when used with 1M x 4
DRAMs, 4M bytes when used with 512K x 8 or symmetric 256K x 16 DRAMs, 2M when used with 64K x 16,

256K x 4 or asymmetric 256K x 16 DRAMs. The minimum configuration is 256Kbytes when used with 64K x 16
DRAM, 1Mbyte when used with 256K x XX or 512K x 8 DRAM, and 2Mbytes when used with IM x 4 DRAM. See
the table below for details on the different DRAMSs supported.

Support for 256K x 16 includes the 10-bit row address, 8-bit column address type as well as the 9-bit row, 9-bit
column address type. There is an option to convert WExn signals to CASxn signals, and vice versa, to support the
myriad types of DRAMs available today.

Memory cycles can be programmed to match the different types of DRAM. The RAS precharge and pulse, CAS pulse
width, and RAS-to-CAS delay are all programmable. Matching memory cycles with a programmable memory clock
would virtually guarantee the most efficient memory interface for a given memory type. Memory clock can be sup-
ported up to 66MHz. This can drive a 45ns fast page mode DRAM.

The display buffer can be addressed through either a programmable linear address range above 1M up to 4G on VL
and PCI buses, and up to 16M on ISA bus, or through the conventional graphics address range (A0000 to BFFFF)
with the segment registers. Depending on the type of memory used, and the amount of memory installed, the chip can
be configured to have either 32-, or 64-bit memory data bus. See memory configuration block diagrams for more

details.

Oak Technology, Inc. 3-1 Preliminary Specification
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Chapter 3

DRAM Types Supported
Number of Control
(for 64 bit data bus) Memory Size Signal Lines
DRAM Type #of Maximum | Minimum
(address bits) Memory Memory Memory Memory
Control bits Size Chips Size Size RAS CAS WE

256K x 16 2Mbytes 4 4Mbytes 1Mbyte
(9 RAS, 9 CA.

1 CAS,2WE 2 1

2 CAS, 1 WE 2 8 1
256K x 16 2Mbytes 4 2Mbytes 1Mbyte
(10 RAS, 8 CAS)

1 CAS,2WE 1 1

2 CAS, 1 WE 1 1
64K x 16 256Kbytes 4 2Mbytes 256Kbytes

1 CAS,2 WE 2 2 8

2 CAS,1 WE 2 8 2
256K x 4 2Mbytes 16 2Mbytes 1Mbyte 1 1 8
256K x 8 2Mbytes 8 4Mbytes 1Mbyte 1 8 1
512K x 8 4Mbytes 8 4Mbytes 2Mbytes 2 1 8
IMx4 8Mbytes 16 8Mbytes 4Mbytes 1 1 8
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Display Memory Interface
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Figure 3.1 - 64K x 16 DRAMs (1 CASn, 2 WEn), MD32 & 64, 256K - 2Mbytes
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Figure 3.2 - 64K x 16 DRAMs (2 CASn, 1 WEn), MD32 & 64, 256K - 2Mbytes ‘
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Display Memory Interface
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Figure 3.3 - 256K x 4 DRAMs, MD32 & 64, 1M - 2Mbytes
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Figure 3.4 - 256K x 16 DRAMs (10 x 8, 1 CASn, 2 WEn), MD32 & 64, 1M - 4Mbytes
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Display Memory Interface
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Figure 3.5 - 256K x 16 DRAMs (10 x 8, 1 CASn, 2 WEn), MD32 & 64, 1M - 2M bytes
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Figure 3.6 - 256K x 16 DRAMs (9 x 9, 2 CASn, 1 WEn), MD32 & 64, 1M - 4Mbytes

Oak Technology, Inc.

el PR Ty 'tsﬂmacer?!ﬁrﬁéc‘“ﬁ; Y N

e L L I

3-8

Preliminary Specification




Display Memory Interface
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Figure 3.7 - 256K x 16 DRAMs (9 x 9, 2 CASn, 1 WEn), MD32 & 64, 1M - 2Mbytes
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Figure 3.8 - 512K x 8 DRAMs, MD32 & 64, 2M - 4Mbytes
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Display Memory Interface
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Figure 3.9 - IM x 4 DRAMs, MD32 & 64, 4M & 8Mbytes
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Figure 3.10 - 256 x 8 DRAMs, MD32 & MD64, 1M or 2Mbytes
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SPITFIRE OTI-64107/64105

CHAPTER 4: MULTIMEDIA INTERFACE

The Spitfire OTI-64107 has a 16-bit multimedia port which allows video data to be input to it's DRAM frame buffer.
This multimedia interface consists of 5 control pins in addition to the 16-bit input data port. The multimedia section
in OTI-64107 VGA chip consists of 2 multimedia input (MMI) port and a2 multimedia output (MMO) port pair
connecting directly to the graphics frame buffer memory (also referred to as the display memory or video memory).
The MMI port accepts live video data (i.e. a continuous input data stream from any external video source) and stores
it into the graphics frame buffer, eliminating the need of a system bus data path and a dual-frame-buffer memory
scheme. The video data coming into the MMI port can be either in an RGB or in 2 YUV data format. Once the video
data is stored into the graphics frame buffer it can be displayed on the screen via the MMO port. The MMO port
consists of a hardware window logic section that displays the stored video data (as opposed to graphics data) on the
screen. The hardware window fetches the video data directly from the graphics frame buffer and sends the video data
to the DAC.

There are two methods of displaying video data, which are described in the next two sections.

41 Chroma-keying

The first method called “chroma-keying” (also called color-keying) involves storing the video data into a non-
displayed area of the graphics frame buffer. In this case, a ‘key’ code is placed in the display area of the graphics
frame buffer at the point at which the video data is to be displayed on the screen. As the data from the graphics frame
buffer is sent to the DAC, the DAC scans the incoming data for the key code. When this key code is encountered the
DAC multiplexes the data between graphics data (displayed area) and video data (non-displayed area) on a pixel
boundary each time the key code is encountered. Chroma-keying uses a predefined (programmable) byte for the key
and a set of multiplexing logic to facilitate the switch between data types. The switch is done on a pixel boundary. The
key code cannot be used for a color on the screen, as it will cause video to be displayed at that pixel. Figure 1 shows
the memory map for chroma-keying.

Graphics Data Displayed Area

Non-Displayed Area

Video Data

J

Figure 1: Memory Map for Chroma-Keying

The ‘window’ size for the video data that is displayed on the screen is controlled in the following manner. For each
scan line chroma-keys are placed in the graphics frame buffer to indicate the points at which the data multiplexing
between the graphics and the video data is to occur. A key is placed in the display area to indicate the video image
from begining to end, defining the window size of the video image. The advantage of chroma-keying is that the color
depth of the video data (i.e. 4-, 8-, 16- or 24-bits per pixel) and format (RGB vs. YUV) can be different from that of
the graphics data. While this scheme provides color depth flexibility it requires the use of an intelligent DAC such as
Brooktree Bt885 and external support logic to multiplex between graphics and video data (the data bus to the frame
buffer is 64-bits, whereas the video data port of the Bt885 is 32-bits).

Oak Technology, Inc. 4-1 Preliminary Specification
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