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". 

This Addendum describes changes to the OTI-087 February 1993 databook for OTI-087X parts. 
The OTI-087X currently does not support the RAS only refresh DRAM, 260's type DRAM and 
integrated feature connector support. 

~ Description 
1 Disregard the reference to RAS only refresh in the feature list. This is currently 

not supported. 

8 Disregard CASOn, CASln, CAS2n and CAS3n signals on the Operational Block 
Diagram. 

13 This MD interface is not supported with this OTI-087 revision. 

16 Disregard CASOn, CAS1n, CAS2n and CAS3n signals on the MernoI)' Mapping 
Configuration. 

2S EPDATA should be DCn under the OTI-087 (LB386/486) column .. 

28 Pin 99 on OTI-087 (LB 386/486) should be DCn. 

37 Extended Register 8, bits 6, 1,0 should be as below. Also, pin 99 does not 
apply. 

Bits 6. 1. 0 
101 
110 

Pin 19 
EPCLK 
EPCLK 

Bit 7 Reserved. 

Pin 20 
EPDATA 
EPDATA 

60 See attached for new Local Bus Schematics. 
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Preface 

The information contained in this document has been carefully checked and is believed to "be reliable. 
However. Oak Technology. Inc."makes no guarantee or warranty concerning the said information and shall not 
be responsible for any loss or damage of whatever nature resulting from the use of. or reliance upon it. Oak 
Technology. Inc. does not guarantee that the use of any information contained herein will not infringe upon 
the patent or other rights of third parties. and no patent or other license is implied hereby. 

This document does not in any way ex"tend Oak Technology. Inc.'s warranty on any product beyond that 
set forth in its standard terms and conditions of sale. Oak Technology. Inc. reserves the right to make changes 
in the products or specifications or both presented in this publication at any time and without notice. 

Life Support Applications 

. Oak Technology, Inc. products are not intended for use as critical components in life support appliances. 
devices, or systems in which the failure of an Oak Technology, Inc. product to perform could reasonably be 
expected to result in personal injury. 

February 1993 
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OverVIew 

OTI-087 LOCAL BUS . 
VGA CONTROLLER 

Description 

The OTI-087 is a highly integrated, single chip Local Bus VGA Controller compatible with the mM VGA 
standard. The OTI-087 offers a low-cost implementation for 24-bit color at a resolution of 64Ox480 while being 
capable of high resolutions including 1024x768 non-interlaced with 256 colors and 1280x1024 interlaced with 
256 colors. The OTI-087 is completely compatible with the mM VGA standard and implements all registers 
and data paths while providing improved performance and additional functionality. Especially attractive for 
motherboard applications. the OTI-087 supports high speed local bus implementations for cost-effective high 
performance graphics. 

Features 

• IBM VGA compatible graphics controller with resolutions up to: 

1024x768, 256 colors Non-Interlaced 

1280xl024, 256 colors Interlaced 

640x480, 16.8 million colors (24-bit) 

• 100% Hardware and BIOS compatible with IBM's VGA 

• Supports up to 2 MBytes of memory: 
2, 4 or 8 64K X 16 DRAMs 
2, 4, 8 or 16. 256K X 4 DRAMs 
2 or 4 256K X 16 DRAMs 
2 or 4 S12K X 8 DRAMs 

• Hardware cursor (64x64 2 bits/pixel) 

• Integrated feature connector support 

• Write cache for high speed local bus implementation 

• Read cache optimizes memory bandwidth usage 

• Integrated zero wait state AT bus performance 

• Supports 8, 16, or 32-bit memory interface with fast page operation 

• Supports CAS before RAS and RAS only refresh 

• Supports VESA-standard high vertical refresh rates of 72 Hz for Bicker-free displays 

• Up to 80 MHz maximum video clock rate 

• Complete linear addrCSS2bility in protected mode 

• Packed pixel format for 256 color modes 

• Foreground/background color expansion registers for fast text output 

• 16-bit graphia latch for true 16-bit operations in planar modes 

• Special 256 color pattern and fill modes inaease performance 

• Supports 132 column text 

• Integrated bus interface for PC/Xf/AT and local bus implementations 

• Supports portrait monitors 

• True 16-bit I/O read/write operations 

• EEPROM support provides ~itchless configurations 

Papl 



Supported Screen Formats 

The OTI-OS? not only supports all standard mM VGA modes, but the following extended modes as well. 

NOIl- Video 
M2sk Bm!IYli211 .cmw &l1 A1Rba E2m111 I2l!t ClkCMfh) H-fml(KIhl Y-fr,g(fh) IDtmud Mawx mA 
12h" 640 x 480 16 8x 16 80x30 25.175 31.50 60 Yes 2S6K NjA 
12h 640x 480 16 8x 16 80x30 31.500 37.86 72 Yes 256K. Standard 
4Eh· 80x60 16 8x8 80x 60 25.175 31.50 60 Yes 256K. NjA 
4Fh· 132 x 60 16 8x8 132 x 60 . 40.000 31.50 60 Yes 256K NjA 
50h· 132 x 25 16 8x 14 132 %25 40.000 31.50 70 Yes 256K N/A 
51h· 132 % 43 16 8x8 132 x 43 40.000 31.50 70 Yes 256K N/A 
5211· 800 % 600 16 8x 16 100 x 37.5 36.000 35.16 56 Yes 256K Mr" G.L. 
52h 800 % 600 16 8x 16 100 x 37.5':- 40.000 37.88 60 Yes 256K. Mr"G.L. 
S2h 800x 600 16 8x 16 l00x,)7.5 : - 50.000 48.08 72 Yes 256K. Standard 
S3h· 640 x 480 256 8x 16 80x30 25.175 31.50 60 Yes SIlK N/A 
S3h 640 x 480 256 8x 16 80 x 34" . 31.500 37.86 72 Yes SIlK Standard 
54h" 800x 600 256 8x 16 100 % 37.5 36.000 35.16 56 Yes SIlK Mr"G.L. 
S4h 800x 600 256 8 x 16 100 x 37.5 40.000 37.88 60 Yes SIlK Mr"G.L. 
S4h 800x 600 256 8 x 16 100 x 37.5 50.000 48.08 72 Yes SIlK Standard 
5Sh 1024 x 768 4 8x 16 128 x 48 44.900 35.52 87 No 256K. N/A 
55h· 1024 x 768 . 4 8 x 16 128 x 48 65.000 48.36 60 Yes 2S6K Mr"G.L. 
5sh 1024 x 768 .. 8x 16 128 x48 78.000 56.69 70 Yes 256K. Standard 
5511 1024 x 768 4 8x 16 128 x 48 78.000 58.04 72 Yes 2S6K. N/A 
S6h 1024 x 768 16 8x 16 128 x 48 44.900 35.52 87 No S12K. N/A 
56h· 1024 x 768 16 8x 16 128 x 48 65.000 48.36 60 Yes SIlK Mr"G.L. 
s6h 1024 x 768 16 8 x 16 128 x 48 78.000 56.69 70 Yes SI2K Standard 
S6h 1024 x 768 16 8x 16 128x 48 78.000 S8.04 72 Yes S12K N/A 
S7h 768 x 1024 16 8x 16 96x64 44.900 46.77 87 No SIlK N/A 
S7h· 768 x 1024 16 8x 16 96%64 65.000 59.74 55 Yes SIlK 'N/A . ",_. 
S8h· 1280 x 1024 16 8x 16 160 x 64 78.000 48.75 87 No 1M N/A 
S9hz 1024 x 768 256 8x 16 128 x 48 44.900 35.52 87 No 1M. N/A 
59h·' 1024 x 768 256 8x 16 128 x 48 65.000 48.36 60 Yes 1M Mr"G.L. 
59h' 1024 x 768 256 8x 16 128 x 48 78.000 56.69 70 Yes 1M Standard 
S9h' 1024 x 768 256 8x 16 128 x 48 78.000 58.04 72 Yes 1M N/A 
SAh·' 640x 480 64K. 8x 16 80x 30 SO.OOO 31.50 60 Yes 1M N/A 
SAh' 640x 480 64K. 8x 16 80x30 63.000 37.86 72 Yes 1M Standard 
SBh" 640 x 400 32K/64K. h16 8Ox25 50.000 31.50 70 Yes SIlK N/A 
Seh"' 640x 480 3lK ax 16 80x3O 50.000 31.50 60 Yes 1M N/A 
SCh' 640 x 480 32K. h16 8Ox30 63.000 37.86 72 Yes 1M Standard 
SDh·' 800 x 600 32K. h16 100 x 37.5 18.000 37.50 60 Yes 1M Mf&.G.L. 
SEh· 1280 x 1024 256 ax 16 160 x 64 78.000 48.75 87 No 2M N/A 
SFh· 640 x 480 16.8M 8:1: 16 80x30 78.000 31.55 60 Yes 1M N/A 
60h·' 800 x 600 64It 8x 16 100 x 37.5 78.000 37.50 60 Yes 1M Mr" G.L. 
6lh· 640x 400 256 ax 16 8Ox25 25.175 31.50 . 70 Yes 256K. N/A 

Software Driver Support 
Oak Technology was the first graphics company to promote the importance of the hardware-software driver 
relationship_ Thus. Oak is committed to providing customers with the most powerful software drivers. Oak's 
software driver support includes the fastest drivers available for popular applications including: 

AutoCAD 
AutoShade 
CADvance 
GEM 
Lotus 1-2-3/Symphony 
P-CAD 

OS/2 
OS/2 Presentation Manager 
Versa CAD 
VESA BIOS Extensions 
WordPerfect/DrawPerfect/PlanPerfect 
Ventura 
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UNIX (JSC & SCO) 
OreAD 
EasyCAD/F~tCAD 
Micro'soft Windows 
Wordstar 

C .. r 

" j' 

( 



• 
I 
I 
I 
I 
I-
I 
·1 

I 
I 
I. 
I 
I 
I 
I 

• 
I 

Overview 

Display Memory Interface 

The OTI-087 supports 64Kx16, 256Kx4, 256Kx16, and 512Kx8 DRAM devices. The OTI-087 provides all the 
necessary control signals and address and data lines to a.ccess the video memory in page mode. -~e control 
signals can be programmed to optimize memory cycles for a given memory type and speed for a specific 
memory clock. The maximum video buffer size is 2Mbytes when used with 256Kx4, 256Kx16 or 512Kx8 . 
DRAMs and IMbyte when used with 64Kx16 DRAMs. Minimum configuration is 256Kbytes when used with 
64Kx16 or 256Kx4 DRAMs and 1M byte when used with 512Kx8 or 256Kx16 DRAM. The video buffer can be 
addressed through either a programmable linear address range above 1M or through the conventional video 
address (AOOOO to BFFFFH) using the segment registers. 

Clock Interface 

Up to 16 external video clock frequencies can be selected by four programmable clock select pins. Video clock 
frequencies up to 80 MHz can be supported. When implemented with the OTI-068 Dual Clock Generator, 
the OTI-087 can select sixteen pixel clock frequencies providing support for both conventional and flicker-free 
VESA vertical refresh rates without any hardware switches. The OTI-068 also supports three memory clock 
frequencies which can be selected through hardware configuration to optimize performance with a wide variety 
of DRAM types and speeds. 

System Bus Interface 
The system bus of the OTI-087 can be connected to the PC system in three different configurations: on-board 
local bus, add-on local bus and on-board AT bus. The OTI-087 can also be connected to the AT bus. The 
mode of operation is defined by the Configuration Register 1 status, set through the MD[7:0] bus during 
reset time. 

System Configuration 
Local Bus 
Local Bus Add-on 
On-board AT 
Add-on AT 

Local Bus Interface 

Ifu.1 Bit1 
o 0 
o 1 
1 0 
1 1 

In Local Bus configuration, the OTI-087 can interface to the 80286, 80386SX. 80386DX. and 80486 CPUs. 
Configuration of the OTI-087 for the proper CPU local bus is accomplished through the ADSn pin and the 
Configuration Register 2 as detailed in the table below. Configuration Register 2 is set through the 
MD[15:8] bus during reset. 

Local Bus Mode 
80286 Local Bus 
80386SX Local Bus 
80386DX Local Bus 
80486 Local Bus 

AllSA 
o 
1 
1 
1 

Bill 
o 
o 
o 
1 

Bi1J1 
o 
o 
1 
o 

To ensure the above detection scheme will operate properly, a weak pulklovm resistor should be connected to the 
ADSn pin of the 0l1~7. Since the 80286 processor does not have ADSn. this signal should remain low during 
reset in 80286 designs. For proper operation in 80386 and 80486 processor designs. this signal will be reset high. 
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OTl:087 Local Bus with 80286 and 80386SX Processors 

The local bus interface of the OTI-087 provides an optimalimplementation for 80286 and 80386SX designs 
which use Oak Technology's 011-020 system chipset. An implementation of the OTI-087 with the OTI-020 
requires no external logic for local bus interface. . . 

The video space of the OTI-087/011-020 local bus video system is defined by the VIDEO 1 register (port IF 
index 5). When anyone of the video segments in this register is enabled. the OTI-020 system chipset gene~ 
ates a video cycle to the external bus and terminates the CPU cycle. If the video segments are disabled. the 
local bus OTI-087 will terminate the CPU cycle. Graphics Register 3DFw Index 6 only affects the access to 
video memory and has no effect on the generation of SRDY. At system boot-up time, the system will scan for 
the presence of any off-board memory which occupies the AOOOO-BFFFFH range. If off-board video memory is 
detected. the VIDE01 register (present in both the 011-020 system chipset and the OTl-(87) will be pro
grammed so that the local bus system responds to all the memory in AOOOO-BFFFFH• excluding the enabled 
segments in the VIDE01 register. 

r , 

( r 

The 011-087 supports 16-bit, zero-wait-state CPU memory operations through the CPU local bus. The OTl-
087 uniquely employs both a read cache and a write cache to achieve zero-wait-state memory operations for 
local bus speeds up to 33 MHz. During the CPU memory cycle. the OTl-087 interprets the status lines (WRn 
and Den) and the address CA19-CA17 (101H) gated with the VIDE01 register to generate a local bus memory 
cycle. If the requested data is already inside the OTI-087 read cache during a memory read, SRDY is returned 
in the next CPU clock. thus a zero-wait-state memory cycle. Otherwise. SRDY is not returned until the data is 
read from the video memory and driven out to the bus. For writes to video memory. a memory write request 
is stored inside the write cache and SRDY is returned in the next CPU clock for a zero-wait-state memory cycle. (1 
If either the write cache is full or the write address does not share the same cache page as the previous write. 
then SRDY is not returned until the data is actually written to the video memory. 

The OTI-087 supports 16-bit I/O access and 8-bit memory access for DMA and MASrER cycles. During a 
DMA or MASTER cycle, the OTI-087 receives I/O and memory commands from the AT-bus and transfers data 
to the local SD bus as if it were a 16-bit device. In this case, both SD[7:0] and SD[15:8] are driven with the 
same data. During I/O cycles, the OTl-087 receives commands from the AT-bus and transfers data on the local 
bus. The system chipset is responsible for routing the address and data to and from the AT-bus. 

803860X and 80486 Local Bus 

This section refers to the 80386DX/80486 block diagrams following this section. The OTl-087 requires four 
buffers (A,B.E.F in the diagram) and 1 PAL to interface with the 80386DX CPU. Two additional buffers (C.D 
in the diagram) are required to interface with the 80486 CPU. The PAL is used to decode the upper address of 
the CPU and generate the CPU address 0,1 and the CPUBHEn signal for the OTl'()87. The A,B buffers are 
used to interface the OTl-087 data bus to AT~ata bus while the C.D.E.F buffers are used to interface the OTl-
087 data bus to the CPU data bus. 

During I/O. DMA or MASrER cycles. the OTI-087 receives bus commands from the AT-bus. During a CPU r 

memory cycle. the OTl'()87 will use the CPUAO/ Al/BHEn signals to execute the cycle. The LBSELn signal is t 
the protocol between the system chipset and the OTl-087 to detennine ownership of the 'current memory cycle. 
If the current memory cycle belongs to the OTl'()87 address space, the OTl-087 forces the LBSELn signal low " 
at the beginning of T2 and terminates the cycle with SRDY. If the current memory cycle does not belong to "-
the OTI'()87 address space the system chipset should terminate the cycle. In 80386DX and 80486 configura-
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tions, the{e are two reset signals connected to the OTI-087. The RSET signal is connected to the system reset 
and the CPURESET is connect to the CPU reset. The OTI-087 uses the CPURESET signal to synchronize the 
internal clock and uses the RSET signal to reset the OTI-087. If the system chipset does not drive a valid 
address to the CPU bus during DMA or MASTER cycles. then more buffers are necessary to route the address 
to the CPU bus. Buffer G in 80386DX/80486 block diagrams illustrate this implementation. . 

Summary of Performance Features 

The OTI-087 implements all of the standard state-o~the-art features for high speed frame-buffer graphics 
controllers. These standard features include independent memory and pixel clocks, support for high refresh 
displays. highly integrated bus interfaces, and true 16-bit I/O read/write operations. In addition, the OTI-087 
implements several next generation features which advance the state-of·the-art in graphics frame-buffer technol
ogy. 

High Speed Local Bus 

The OTI-087 is one of the first PC graphics controllers designed from the ground up for motherboard archi
tectures implementing direct CPU interfaces to the video controller. The local control signals of the OTI-087 
provide accelerated system to video memory transfers. Timing overhead is also reduced. To take advantage of 
the high transfer rates, the OTI-087 implements the most features of any frame-buffer controller for assisting 
CPU-based graphics operations. 

Hardware Cursor 

The Hardware Cursor (HC) increases the overall graphics performance by reducing the need for the CPU to 
redraw the cursor during each update. Also, the image under the cursor does not have to be updated by 
software when the cursor is moved. Lastly, the cursor appears continuously and is more responsive. 

Write Cache 

When writing to the 011-087, both data and address are latched from the system bus and the zer~wait·state 
signal is activated, unless the cache is full. When implemented in the AT .. bus configuration, the 011-087 will 
exhibit zer~wait·state performance in lower resolution/color and planar modes. In higher resolution, di.e 
percentage of zer~wait cycles will decrease for packed pixel modes with increasing bus speed. resolution. color 
depth, and vertical refresh. 

Read Cache 

The read cache of the OTI-087 was designed to accelerate bitblt functions. When executing block moves. often 
the next operation requires a read from an adjacent memory location. In this case, the desired data will be in 
the read cache and the operation can execute without waiting for a memory cycle. 

Linear Addressability 

In extended video modes where more than 256Kbytes of video buffer ar~: required. the video driver must 
perform segment checking and address calculation to determine a given pixel's location in video memory. At 
programmable addresses above 1 Mbyte, the OTI-087 provides linear meltnory mapping thereby eliminating 
segment checking. Linear addressing speeds all functions when running applications in protected-mode. 
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Foreground/Background Color Expansion 

In packed pi~el modes, the output of simple text becomesffiore cumbersome. To reduce the number of 
individual memory operations required, the 011-087 contains foreground/baCkground color expansion 
registers which allow eight consecutive bytes to be expanded from one byte containing the foreground or 
background bits. A pixel masking capability is also implemented to be able to leave specified pixels un
changed. This also speeds masked bitblt functions. 

256 Color Patterns and Fills 

For packed pixel modes, the OTI-087 provides a pattern register for defining patterns and expanding the color 
information from either OTI-087 registers or CPU data. This allows fast pattern fill. 

16-blt Graphics Latch 

Most currently available VGA controllers only allow for byte operations in many cases. The OTI-087, as with 
previous generations of Oak VGA controllers, provides true l~bit move operations in all situations. Relative 
to other VGA controllers. this is particularly useful for pattern bIts and source copy bitblts where MOVSW 
instructions can replace MOVSB instructions. 

EEPROM Support 

In a VGA-based video system, certain configuration information must be available to the video BIOS. It is 
common practice on many video adapter boards to use jumpers or switches to provide the proper settings. 
These switch settings can cause confusion for the consumer. To simplify the situation, the OTI-087 provides ( ·t 
support for a serial EEPROM which stores the specific configuration information. The coilfigu'ration is done 
through software. eliminating all jumpers and switches. 

80 Mbyte/sec Video 

Fixed clock rates to 80 MHz allow the OTI-087 to offer vertical refresh rates at 1024x768 that exceed the VESA 
standard of 70 Hz for high vertical refresh displays. Depending on the capabilities of the monitor, the 011-
087 can support up to 1024x768 with 256 colors at a 76 Hz vertical saeen refresh. 
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OTI-087 Block Diagrams 

OTI-Q87 System Block Diagram 
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OTI-O~7 Operational Block Diagram 
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OTI-087 Block Diagrams 

OTI081 '" on 486 L oca IB us 

ISI6n -, 
lIS£ln lIS£ln 1 ( 

swro -
SWYO <: 

SRDYI SRDYI ,. 
ADSh 

ADSn 

DOl 
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OTI-087 WRn 
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OTI-087 on 386DX Local Bus 
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OTI-087 Block Diagrams 

MD 'Interface for 256K x 4 DRAMs 
RASHn ~---------, MSHn .... r-------, 

------" RASn r8 I ------....., RASn 114 
MD(3:O] "" I MOI23:20) "'- ,... ....... --... 
----" .. ~ ... ~I DQl3:O].o I ~ DQ[3:O] r6 

r----I-----'-....,,~ RASn RASn I---i-I---I-----.::-.:,,~ RASn 
~-__I~----=w CASn CASn .. CASn 

WEAn 
~ AlS:O] A(8:O] I ~ Al8:O] 

rl-+-~~~--.::~-.: '''':W WEn I WEen '.... Wfn 

ia..o
_

fn
_ MAPO __ .(I .... ) f..--l i""o_rr. __ MAP_l-" 

011-087 

MAOI[8:0)1-------lf-++.-. RAS~~---->r~-----.91 MSHn ______ >r u&----r1s/ 
MA23[8:0) ... M_D{7_:4_) _"'~~I DQl3:OJ rl! MDI31:28) "'- I 

~I_I_-I----'="':] ~~ ..... ~ RASn IlASn I-~I _---:I-J ___ ....::7-:....:~ .... ~ DQ[3:O) fl I 
~ ,. .... _ CASn: ~ RASn I 

~f-+-I-+----~ ~~ ...,..... , ~ CASn I 
RASLn r----;::I=t~-I-WJW~E~8nL-~ ~~ ~J AlS:O] I WEDn 7... ~J I 

~ i Orr. MAP2.(3) __ 1 i Ofn MAP3 __ 1 
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;- Orr. __ lr Orr. MAP3 
• MAP~.(3J • 
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MD Interface for StIK x 8 DRAMs 
MDI' ':8.3:0) ..:. 

Dq7:O] 10 
RASLn ' ... RASn 

CASAn ~ CASn 
MAO ITB:OO.MA9 ~ A[9:0] 

WEAn --,;. W&I 
OTI-087 

, .. 0En MAPO 

MA(9].MAOIIB:O) 
MA(9].MA23IB:O) MO[23: 16] "" 

Dq7:OJ r1 
RASLn ' ... RASn 
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RASLn WEen ~ 
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MD[31:01 -" wrn 
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( 
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L 

L 
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OTI-087 Block Diagrams 

MD Interface (260) for 256K x 16 DRAMs 

MD{13;1 (5.11 ;8.3:0)",-
OQIIS;O] .0 ItASLn~ uSn 

WEn ~ WEn 
MAoff8:O~ 

CASOn~ 
Al8;O] 
CASLn 

On-087 CASln -::: CASHn .. .- O£n MAPO.I 

MAOI[8;O] 
MA23[8:O] M0(2.3:16.11 :8.3:0],"-

DQII5:0] tZ RASHn', 
WEn -" 

IlASn 

MAOI 8:01~ 
WEn 

RASLn CASOri7, 
Al8:0) 
CAStn lASHn CAS2n CASHn WEn -" .- OEn MAPO.I 
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CASln 
CAS2n MD[31 :24.15:12..7~J..... 
CAS3n RASLn ....... , 

DQIIS:O) r. 
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IlASn 
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WEn 
A[8:0) 

MD[3I:O] 
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WEn ~ WEn 
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CASLn 
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MAn.] 
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MD Interfac.e (270) for 256K x 16 DRAMs 

MOf.23:16.11:8,3:O] '" 
DQlIS:O) rO 

ItASLn~ .... lASn 
CASAn C CASn 

MAOIl8:0] '-' Al8:0) 
WEAn ' .. WELn 

OTl-087 WECn :: WEHn 

i OEn MAPO.I 
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MAlll8:OJ MOf.23:16.11:8.3:O] '" 

DQlI5:O) r2 ItASHn ,.,. 
CASAn C 
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MAOI 8:0 ........: A(8:0J 
RASLn WEAn ' ... WELn lASHn WECn C WEHn 
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WEAn 

l 

WEBn 
WECn MD{3I:14.IS:12.7:4] "" 
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r1 

uSn 
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MAll 8:0 ........: Al8:0) 
WEan~ WELn 
W£On WEHn 

i OEn MAn.3 

( 
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OTI-087 Block Diagrams 

MD Interface for 64K x .6 DRAMs 

OTI-087 

MAOI[8:t) 
MAl318:1) 

RASLn 
RASHn 
CASAn 
CASBn 

WEAn 
WEBn 
WEen 
WEDn 
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" DQII5:0) 10 
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CASAn ~ 
CASn 

MAOI8:u.. ~ A(7:O) 
WEAn ,...., WEln 
WEBn ::; WEHn , 

.y- OEn MAI'O.I 

CASB --------_!!. __ ~ CASn 

ttD[3I:2.4.IS:I2,7:4] ~ 
DQII5:0) rt RASLn ,.." 

CASlin ~ 
RASn 
CASn 

MAllJ8:!l ~ A[7:O) 
WEAn ,.." WEln 
WEln ..;; WEHn 

.y- OEn MAP2.3 

CAS!!:!' _ _ ~CASn --
MQt23:16.1I:8.l:01 ~ DQIIS:O) r4 
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WEen ,., Wf.ln 
WEDn ...,;;; W£Hn , 
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CAS~ __ ~CAS;---
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011-087 Mapping Configuration l 
Memory Mapping Configuration (I 

256Kx4 256Kx4 512Kx8 256Kx4 256Kx16 512Kx8 64Kx16 
(2) (4) (2) (8 or 16) (2 or 4) (4) (2,4, or 8) 

MD8 MD16 MD16 MD32 MD32 MD32 MD32 

MAPO MO[3:0] rO MOlll :8.3:0] MOlll:8.3:0] MOll1 :8.3:0] MOlll :8.3:0] MOll1 :8.3:0] 
---

MOlll :8.3:0] 
rZ.O rO r2.0 (10.8) r2.0 (2) rZ.O r2.0 (2) (4.6) 

MAP! MOl3:O] rO M0l11 :8.3:0] MOl11 :8.3:0] MOI23:16] r6.4 MOI2]:16] rO MOI2]:16] r2 MOI23:16] rO 
r2.0 rO (14.12) (2) (2) (4.6) 

MAPl MO[7:4] r1 MOI1S:12. 7:4] MOllS:11. 7:4] MOI1S:12. 7:4] MOI1S:12. 7:4] M0[1S:12. 7:4] MOll 5:12. 7:4] 
r3.1 r1 r3.1 (11.9) r1 (3) r1 r1 (3) (5.7) ( 

MAP] MO[7:4] r1 MOl1 5:1 2. 7:4] MOI15:12. 7:4] MD[31:24] r7.5 MO[31:24] r1 MDl]1:24] r3 MDI31:24] r1 
r3.1 r1 (15.13) (3) (3) (5.7) 

RAMO MO[3:0] MDI3:0] MD[11 :8.3:0) MDI3:0J MDI23:16. MDl11 :8.3:0J MD[23:16. 
(8) 11 :8.3:0J 11 :8.3:0) 

RAMl MOI7:4) MOI7:4J MDl1 5:11. 7:4) MD[7:4J MOI31:24. M0[15:12. 7:4J MDI31:24. 
(9) 15:12.7:4J 15:12.7:4J 

RAMl Not Applicable MO[11:8] Not Applicable MO[1':8) MO[23:16. MO[23:16) MD[23:16. 
(10) 11:8.3:0] 11 :8.3:0) 

RAM3 Not Applicable MO[15:1l] Not Applicable MO[lS:12] MO[31:24. MO[31:24] MO[31:24. 
(11 ) 15:1Z.7:4] 15:12.7:4) 

RAM4 Not Applicable Not Applicable Not Applicable MO[19:16] Not Applicable Not Applicable MO[23:16. 
(t2) 11 :8.3:0] 

RAM5 Not Applicable Not Applicable Not Applicable MD[Z7:24] Not Applicable Not Applicable MD[31:24. 
(t 3) 15:12.7:4] 

RAM6 Not Applicable Not Applicable Not Applicable MD[23:20] Not Applicable Not Applicable MD[23:16. 
(14) 11:8.3:0) 

RAM7 Not Applicable Not Applicable Not Applicable MD[3!:28] Not Applicable Not Applicable MD(31:24. 
(15) 15:12.7:4) 

RASLn rO.l rO.1.2.3 rO.l rO.l.2.3. 4.5.6.7 rO.l rO.l.2.3 rO.1.2.3 

RASHn N.C. N.C. rO.l r8-18 r2.3 rO.1.2.3 r4.5.6.7 
IMA9 

CASAn rO.l rO.l.Z.] rO.l rO-15 rO.l.2.3 rO.l.2.] rO.l.4.5 
/WEn 

WEAn rO rO.l 10 rO.2.8.10 rO.l 10 rO.2.4.6 (WELn) 
ICASOn MAPO.l MAPO.1 MAPO.1 MAPO (WELn/CASLn) MAPO MAPO 

MAPO 

WEBn rl rl.3 rl r1.3.9.11 rl.3 r1 r1.].5.7 (WEUI) 

ICAStn MAP1.3 MAP2.] MAPZ.3 MAPZ (WELn/CASLn) MAPZ MAP2 
MAn 

WECn N.C. N.C. N.C. r4.6.12.14 rO.2 r2 10.2.4.6 (WEHn) 
ICAS2n MAPl (WEHn/CASHn) MAPl MAPl 

MAPl 

WEDn N.C. N.C. N.C. r5.7.11.15 rl.3 r3 rl.3.5.7 (WEHn) 
ICAS3n MAP3 (WEHn/CASHn) MAP3 MAP3 

MAP3 

MA01 MA01 10] MA01 [OJ MA01 [OJ MAO 1 [OJ MAO 1 [0] MAcH (0) rZ.3.6.7 CASBn 
[OV 

CASB" 

MA23 MA2] [0) MA23 (0) MAl] (0] MA23 [OJ MAl3 (OJ MA23 (0) N.C. 
(OJ 
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OTI-087 Pin Description 

PIN DESCRIPTION 

AT-BUS INTERFACE 
This section describes the AT-Bus interface signals of the OTI'{)87 when implemented in an add-on card 
configuration either on an adapter card or on the motherboard. For information on the system bus interface 
for local bus implementations. see the next section. . 

Pin 
~ 
50[15:8] 

5D[7:01 

SA[16:0] 

lA[23:17] 

M16n 

IOCHRDY 

AEN 

RFSHn 

MRDn 

MWRn 

Pin 
Jt. 
46:42. 
40:38 

Pin 
~ 
I/O 

Description 
SYSTEM DATA BUS 15:8. 

85:81. I/O SYSTEM DATA BUS 7:0. 
77:75 

67:62. I 
60:50 

lATCHED SYSfEM ADDRESS BITS 16:0. For add-on 
card configuration. these are the latched system address bits 16:0. 

74:68 I UNlATCHED SYSTEM ADDRESS BITS 23:17. For add-on configuration. 
these are the unlatched system address bits 23-17. These bits are decoded to 
generate M16n. Address bits 19:17 are latched by ALE to generate SA[19:17]. 

78 .Ijo 16-BIT MEMORY. This signal is an active low. open drain output signal used 
to indicate to the system that the present cycle is a 16-bit data transfer to 
video memory. The signal is derived from the decoding of lA17 through 
I.A23. 

79 0 I/O CHANNEL READY. This signal is an active high. open drain output 
that signals to the processor that it is ready for memory access. This signal is 
used to add wait states to the AT-bus timing during video memory access. . 

86 I ADDRESS ENABLE. This signal is used by the OTI-087 to qualify the video 
I/O access from the CPU. When it is active high. the DMA controller has 
control of the address bus, data bus, and command lines. 

87 I REFRESH. This signal is used by the OTI-087 to qualify the video memoI}' 
access and the I/O access from the CPU. An active low signal indicates a 
system memory refresh cycle. 

88 I MEMORY READ. This is an active low memory read strobe. asserted during 
memoI}' read cycles. 

89 I MEMORY WRITE. This is an active low memory write strobe, asserted 
during memory write cycles. . 

Pap 11 
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I 
Pin Pin Pin G Name Jt. :um D~~ailltiQn . ~ 

CINTn 90 0 CRT INTERRUPT REQUEST. An interrupt request is generated when 
vertical retrace occurs if it is enabled by bit 5 in the Vertical Retrace End 
register. It is an active low open collector output. r 

1016n 91 0 16-BIT I/O. This active low. open drain output signal is used to indicate to 
the system that the present data transfer is a 16-bit I/O cycle. It is derived I from an address decode. 

MASTERn 92 I MASTERn. This pin indicates that the current cycle is a master cycle when { 
the controller is in add-on configuration. It enables the IA address to pass 
through during master cycle. 

r ALE 93 I ADDRESS LATCH ENABLE. This pin is used to latch a valid address from 
the microprocessor in add-on configuration. 

/: 
ROMENL 95 I/O ROM LOW BYTE ENABLE. This active low signal enables the low byte of 

BIOS data to the CPU data bus in 16-bit BIOS configuration. In 8-bit BIOS 
configuration. this pin is not used. 

RSET 97 I RESET. This is an active high system reset signal. This input signal will reset .. I the VGA controller and initialize the configuration register based on the logic 
level on MD[1S:0] pins at power-up reset. In a local bus configuration with ( ~. 
Oak Technologys system logic chipsets. this pin is connected to system reset, 

l and is used to determine the processor clock phase. 

ENVGA 98 I VGA ENABLE. In non-local bus configurations. this pin acts as the address I select for the controller. The selected address range includes the VGA address· 
space. color palette register address space. video memory space and the VGA 
BIOS space. The address select condition is enabled by register 3C3H bit 0 

l and register 102H bit O. 

ZEROWSn 99 I/O ZERO WAIT STATE. This pin is used to indicate the current cycle is a zero 
f wait state AT-bus cycle. 

BHEn 100 I BYfE HIGH ENABLE. This active low input indicates that there is valid l data on the SO[15:8] bus. This signal and SAlOl together indicate to the 
OTI-087 whether an 8-bit or lo.bit cycle is being executed by the system. 

lORn 101 I I/O READ. This is an active low I/O read strobe. asserted during I/O read 
cycles. 

10Wn 102 I I/O WRITE. This is an active low I/O write strobe. asserted during I/O write .l 
cycles. (I 
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OTI-G87 Pin Description 

AI LOCAL BUS INTERfACE 
Pin Pin Pin 

J Name ..it. $ Description 
CA[23:17] 74:68 I CPU ADDRESS BITS 23:17. 

J CA[16:0] 67:62. I CPU ADDRESS BITS 16:0. For 80386SX local bus. these pins 
60:50 can be connected directly to the CPU address bus. For 80386/80486 local bus 

J 
configurations. CA[16:2] should be connected to CPU address bits [16:2] and 
CA[1:0] should be connected to SA[I:0] of the AT bus. 

ADSn 93 I ADDRESS STATUS. This input from the CPU indicates when a valid 

J address is on the bus. 

PROCLK 95 I/O PROCESSOR CLOCK. The processor clock input samples the CPU status 

J and address. This is a IX clock for 486 CPUs and a 2X clock for 386 CPUs. 

J 
WRn 98 I WRITE/READ. This input from the CPU distinguishes between write and 

read cycles. 

J 
DCn 99 I/O DATA/CONTROL. This input from the CPU distinguishes between data 

cycles and control cycles. 

( 

J 
HLDA 92 I HOLD ACKNOWLEDGE. This CPU input indicates a DMA or Master 

cycle. 

J ATOEHn 47 0 AT-BUS HIGH BYrE DATA ENABLE. This is an active low output enable 
signal for AT-bus high byte data. This pin is used with 80386DX/80486 local 
bus configurations. See 80386DX/80486 local bus diagrams for details. 

J ATOELn 10 I/O AT BUS LOW BYTE DATA ENABLE. This is an active low output enable 
signal for AT-bus low byte data. This pin is used with 80386DX/80486 local 

W 
bus configuration. See 80386DX/80486 local bus diagrams for details. 

OIR 11 I/O OATA DIRECTION CONTROL This signal controls the direction of the 

W 
data buffer between either the AT-bus or the CPU local bus and the YGA 
bus . . A logical high directs data into the VGA and a logical low provides data 
output to the AT or CPU bus. This pin is used with 803860X/80486 local 

~ 
bus configurations. See 80386DX/80486 local bus diagrams for details. 

SOLOEn 12 I/O SYSTEM DATA LOW OUI'PUf ENABLE. This active low signal is used to 

~ 
enable the low word data buffer from the CPU bus to the YGA bus. This 
signal is used with 803860X/80486 local bus configurati~ns. See 80386DX/ 
80486 local bus diagrams for details. 

~, SDHOEn 13 I/O SYSTEM DATA HIGH OurPUf ENABLE. This active low signal is used to 
enable the high word data buffer from the CPU bus to the VGA bus. This 

L . signal is used with 80486 local bus configuration. See the 80486 local bus 
diagram for details. 

I 
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(I Pin Pin .Pin 

fu.JM Jt ~ Description 
CPUAO 14 I/O CPU ADDRESS BIT O. This is the translated CPU address bit 0 that is 

generated from the 4 byte enables of the CPU by implementing an external 
PAL This signal is used with 80386DX/80486 local bus configurations. See 
80386DX/80486 local bus diagrams for details. 

CPUAl 15 I/O . CPU ADDRESS BIT 1. This is the translated CPU address bit 1 that is 
[ 

generated from the 4 byte enables of the CPU by implementing an external 

( PAL This signal is used with 80386DX/80486 local bus configurations. See 
80386DX/80486 local bus diagrams for details. 

CPUBHEn 16 I/O CPU BYTE HIGH ENABLE. This active low input is the translated byte high 
enable generated from the 4 byte enables of the CPU by the external PAL 
This signal is used with 80386DX/80486 local bus configurations. See 
80386DX/80486 local bus diagrams for details. 

CPURESET 17 I/O CPU RESET. This is the reset signal synchronized with the CPU clock. It is 
used by the YGA controller to determine the correct sampling phase. 

- GAlO 19 I GATE A20. This signal is used only with local bus configuration. -

SRDYI 20 I SYSTEM READY INPUT. This input from the system chipset indicates the 
( 

termination of a cycle. This signal is used with 80386DX/80486 local bus l configurations. See 80386DX/80486 local bus diagrams for details. 

LBSELn 23 0 LOCAL BUS SELECf. This active low signal indicates to 80386DX or 80486 
system controller chipsets that the current cycle is a video local bus cycle and 
that the chipset should not respond to the CPU. This signal also indicates to 
the CPU that the current cycle is a 16-bit cycle. This signal is used only with 

l 80386DX/80486 local bus configurations. See 80386DX/80486 local bus . 
diagrams for details. 

SRDY 78 I/O SYSTEM READY. This tri-state. active low output indicates the termination 
of a CPU bus cycle. For chipsets with separate SRDYI and SRDYO. this 
signal is sampled by the system controller chipset to indicate the actual 
termination of the bus cycle. This signal is driven high for one-half of the 
PROCLK before being tri-stated at the end of a cycle. 

CLOCK INIERFAC£ 
Pin Pin Pin 
~ .l. ~ Description 
YCLK 106 1 VIDEO CLOCK This is the master input pixel clock. 

MCLK 107 I . MEMORY CLOCK This is the input clock used for memory timing. ( 
CSEL(O] lOS 0 CLOCK SELECf UNE O. Clock select lines are used to select the appropriate 

pixel clock frequency. Thi~ pin can be programmed through register 3DFH 
index 6 or register 3C2w 
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" OT.-o87 Pin Description ( 

\ 

'II Pin Pin Pin 
~ Jt ~ Description 

I CSEL[I] 104 0 CLOCK SELECf liNE 1. Clock select lines are used to select the appropriate 
pixel clock frequency. This pin can be programmed through register 30F

H 
index 6 or register 3C2H• . 

I CSEL[2] 103 I/O CLOCK SELECf liNE 2. Clock select lines are used to select the appropriate 

I 
pixel clock frequency. This pin can be programmed through register 30F

H 
index 6. 

CSEL[3] 18 0 CLOCK SELECf liNE 3. Clock select lines are used to select the appropriate 

I pixel clock frequency. This pin can be programmed through register 3DF
H 

index 6. 

I· CRT AND COLOR PALEnE INTERFACE 
Pin Pin Pin 
NiIM Jt ~ Description 

I P[7:0] 33:30, 0 PIXEL DATA. This is the &-bit pixel data bus (bits 7-0). This output bus 
28:25 interfaces to an external palette chip for color mapping during CRT display. 

I VSYNC 34 0 VERTICAL SYNC. This signal provides the vertical synchronization pulses 

t for the display monitor. The polarity of the pulse is determined by bit 7 of 
, 

the Miscellaneous Output Register. 

I HSYNC 35 0 HORIZONTAL SYNC. This signal provides the horizontal synchronization 

I 
pulses for the display monitor. The polarity of the pulse is determined by.bit 
6 of the Miscellaneous Output Register. 

I 
BLANKn 36 0 BLANK This active low output signal provides blanking to the color palette 

to blank the pixel data for the display monitor. 

I 
PCLl( 37 0 PIXEL CLOCK The pixel clock output latches the pixel data P7-PO to the 

color palette. The clock rate is selected by the clock select pins for the current 
video mode. 

I DACROn 48 0 COLOR PALETfE READ. This active low I/O r~d signal is generated for 
reading external color palette registers. 

I OACWRn 49 0 COLOR PALETfE WRITE. This active low I/O write signal is generated for 
writing to external color palette registers. 

~ BO[7:0} 17:10 I/O AUXIIlARY DATA BUS 7:0. In add~n card mode, this bus is the high byte 
data (bits 1-0) of the VGA BIOS in 16-bit BIOS configuration or the single 
byte data in 8-bit BIOS configuration. In 80386DX/80486 local bus configu-. .. rations, BO[1:O) are used as miscellaneous signals to Control the data routing . 
to and from the VGA bus. the AT -bus and the CPU local bus. 

~ 
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Pin Pin Pin C. ~ Jt ~ Description 
EPCLK 19 I ENABLE PCLI<. This active high input is used to enable the PCLl< output. 

EPDATA 20 I ENABLE PDATA. This active high input is used to enable the PDATA. 

MXPCLK 23 0 MUX CWCK. For 24-bit color mode support with a color palette that 
requires a 24-bit bus. this clock signal is used as the PCLI( for latching 
PDATA to a bank of external data latches. 

SWSENSE 24 I SWITCH SENSE. This input signal is used to auto-detect the monitor type. 

VIDEO MEMORY INTERFACE 
Pin Pin Pin 
~ Jt 1l1lc Description 
MA01[8:1] ~34:131. MEMORY ADDRESS MAPS O. 1. Memory address for maps 0.1 bits 8:1 

129:U6 for 256KxXX and 512Kx8 DRAMs. bits 7:0 for 64Kx16 DRAMs . . 

MA23[8:1] 115:108 MEMORY ADDRESS MAPS 2. 3. Memory address for maps 2.3 bits 8:1 for 
256KxXX and 512Kx8 DRAMs. bits 7:0 for 64Kx16 DRAMs. 

RASLn 120 0 ROW ADDRESS STROBE LOW. This active low output signal connects to 
the first 1 MByte of256KxXX DRAMs. the first 512Kbytes of 64Kx16 

( DRAM·s. and all banks of 5 12Kx8 DRAMs. 

RASHn/ 125 0 ROW ADDRESS STROB:E HIGH. This active low output signal 
MA9 connects to the second 1 MByte of 256KxXX DRAMs or the second 

512Kbytes of 64Kx16 DRAMs. For S12Kx8 DRAMs. this pin is memory 
address bit 9. and should be connected to all maps and all banks of 512Kx8 
DRAMs. 

CASAn/ 123 0 COLUMN ADDRESS Sl'ROBF/WR!TE ENABLE. This active low output . 
WEn signal connects to all video memory maps and to all banks of 256KxXX. 

CASAn connects to all video maps of 512Kx8. but only to maps O. 1 of all 
banks of 64Kx16 DRAMs. 

WEAn/ 118 0 WRITE ENABLE A/COLUMN ADDRESS STROBE O. This active low write 
CASOn enable signal connects to memory maps 0 and 1 in 16-bit MD configurations 

(4 - 2S6Kx4. 2 -512K(8). and is the write enablcVcolumn address strobe for 
memory map 0 in 32-bit MD configuration. 

WEBn/ 119 0 WRITE ENABLE B/COLUMN ADDRESS STROBE 1. This active low write 
CAS 1 enable signal connects to memory maps 2 and 3 in 16-bit MP configurations 

(4 - 25.6Kx4. 2 - 512K(8). and is the write enablcVcolumn address strobe for 
memory map 2 in 32-bit MD configuration. 

l_ 
WRITE ENABLE ClCOLUMN ADDRESS STROBE 2. This active low write WEenj 116 0 

CAS2n enablcVcolumn address strobe signal connects to memory map· 1 in 32-bit MD 
configuration. . 
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Pin 
~ 
WEDn/ 
CAS3n 

MAO 1 [OV 
CASBn 

MA23[0] 

MD[31:0] 

Pin 
Jt 
117 

124 

122 

9:2. 
160:153. 
152:145, 
143:142. 
140:135 

Pin 
~ 
o 

o 

o 

I/O 

EEPROM INTERFACE 
Pin Pin Pin 
~ Jt ~ 
EEPCSn 47 0 

c'>~\ "'l. 
EEPSK 103 0 

'-
c.,-7J' 

EEPWD 104 0 

--lQ. 
v-~ 

EEPRD lOS I/O 

POWER ~ GROUND 
Pin Pin Pin 
~ .1. ~ 
VSSOO, 1. 
VSSOl.VSS02, 29,41, 
VSS03,VSS04. 80,121, 
VSSOS~VSS06 130.144 

VSSIO. 22. 
VSSll 96 

VDDO. 21. 
VDD1,VDD2, 61.94. 
VDD3. 141 

Description 

, , . . . . . ' 

OTI-G87 Pin Description 

WRITE ENABLE D/COLUMN ADDREsS STROBE 3. This active low write 
enable/column address strobe signal connects to memory m~p 3 in 32-bit MD 
configuration. . 

MAP 0,1 MEMORY ADDRESS BIT O. Memory address bit 0 for maps 0,1 
in 256KxXX and 512Kx8 DRAM configurations. This signal is CASBn for 
maps 1. 3 in 64Kx16 DRAM configurations. 

MAP 2.3 MEMORY ADDRESS BIT O. This signal is memory address bit 0 
for maps 2.3 in 256KxXX and 512Kx8 DRAM configuration. 

MEMORY DATA. This is the memory data bus. bits 31-0. MD[15:0] are also 
used for the configuration register during hardware reset. MD[7:0] 
correspond to bits 7:0 of Configuration Register 1 and MD[lS:8] 
correspond to bits 7:0 of Configuration Register 2. See Memory 
Mapping table and block diagrams for further details. 

Description 
EEPROM CHIP SELECf. This signal is used to enable the serial EEPROM 
for read and write operations. 

, EEPROM SHIFf CLOCK This clock can be toggled through register 3DFH 
index 18H• 

EEPROM WRITE DATA. Data can be written to the EEPROM through the 
data bit in the register 3DFH index 18H, 

EEPROM READ DATA. Data can be read from the EEPROM through the 
data read bit in the register 3DFH index 18H, 

Description 
EXTERNAL GROUND. 

INTERNAL GROUND. 

EXTERNAL & INTERNAL POWER. 
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Pin # 

93 
94 
95 
96 
91 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
115:108.122 
116 
117 
118 
119 
120 
121 
123 
134:131, 
129:126 
124 

" .. ', . 
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OTI~87 

(ISA Add-on) 
ALE 
VDD2 
ROMENLn 
VSSll 
RSET 
ENVGA 
ZEROWSn 
BHEn 
lORn 
IOWn 
CSEL12] 
CSEL[1] 
CSEL[O] 
VCLK 
MCLK 
MA23[8:0] 
WECn 
WEDn 
WEAn 
WEBn 
RASLn 
VSS04 
CASAn 
MA01[8:1] 

MAO 1 [OJ/ 
CASBn 

125 RASHn/MA9 
130 VSS05 
152: 145.143. MD[ 15:0] 
142,140: 135 
141 
144 
160:153 

VDD3 
VSS06 
MD[23:16] 

. .. ' . 
po ' ~ '.t· ~ :: ,", ..... 

OTI~87 

(OakLB) 
ADSn 
VDD2 
PROCLK 
VSSll 
RSET 
WRn 
DCn 
BHEn 
lORn 
I OWn 
CSEL12] 
CSELI11 
CSEL10] 
VCLK 
MCLK 
MA2318:0] 
WECn 
WEDn 
WEAn 
WEBn 
RASLn 
VSS04 
CASAn 
MAO 1 18:1] 

MAO 1 10J/ 
CASBn 
RASHn/MA9 
VSS05 
MDlt5:0] 

VDD3 
VSS06 
MD[23:t6] 

". '. -, " 

" •• . ,,';J; / •• ::",: '::· ::·~~::~·:::-0~~~:r~i;~~;~~~<,:.: 

OTI"()87 Pin Description 

OTI-087 
(LB 386/486) 
ADSn 
VDD2 
PROCLK 
VSSIt 
RSET 
WRn 
EPDATA 
BHEn 
lORn 
I OWn 
CSEL12] 
CSEL[11 
CSEL[O] 
VCLK 
MCLK 
MA23[8:0] 
WECn 
WEDn 
WEAn 
WEBn 
RASLn 
VSS04 
CASAn 
MA0118:1] 

MA01[0]! 
CASBn 
RASHn/MA9 
VSS05 
MD[t5:0] 

VDD3 
VSS06 
MD[23:16] 



OTI-087 ISA Add-on Pin Diagram 

VSSOO 
Mo24 
Mo25 
Mo26 
Mo27 
Mo28 
Mo29 
M030 
M031 

BOO 
B01 
Bo2 
Bo3 
Bo4 
Bo5 
BD6 
Bo7 

CSEL3 
EPCLK 

EPDATA 
VDDO 
VSSIO 

MXPCLK 
SWSENSE 

PO 
P1 
P2 
P3 

VSS01 
P4 
P6 
P8 
P7 

VSYNC 
HSYNC 

BlANKn 
PCLK 

SDa 
S09 

S010 
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RASLn 
WEBn 
WEAn 
WEon 
WECn 
MA23[8J 
MA23(7) 
MA23[B) 
MA23(6) 
MA23[4J 
MA23(3) 
MA23[2] 
MA23[1J 
MClK 
VCLK 
CSELO 
CSEL1 
CSEL2 
10Wn 
lORn 
BHEn 
ZEROWSn 
ENVGA 
RSET 
VSSI1 
ROMENLn 
VOO2 
ALE 
MASTERn . 
1018n 
CINTn 
MWRn 
MROn 
RFSHn 
AEN 
So7 
80s 
805 
so. 
803 

r 
G 

r 
[ 

r 

r 

(I 

r 
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OTI-087 Pin Description 

OTI-O~7 Oak LB Pin Diagram 

VSSOO 
M024 
M025 
M026 
M027 
M028 
M029 
M030 
M031 

BOO 
B01 
B02 
B03 
BD4 
BDS 
BD6 
B07 

CSEL3 
EPCLKlGA20 

EPOATA 
VODO 
VSSIO 

LBSan 
SWSENSE 

PO 
P1 
P2 
P3 

VSS01 
P4 
PS 
P6 
P7 

VSYNC 
HSYNC 

BLANKn 
PCLK 

508 
808 

S010 

1 1~ 
2 119 
3 118 

RA8Ln 
WEBn 
WEN! 

4 117 WEOn 
5 116 WECn 
8 115 MA23LB] 
7 114 MA23[7) 
6 113 MA23(6) 
9 112 MA23(5) 
10 111 MA23(4) 
11 110 MA23(3) 
12 109 MA23(2) 
13 108 MA23(1) 
14 107 MCLK 
15 106 VCLK 
16 105 CSELO 
17 104 CSEl1 
18 103 CSEL2 
19 102 IOWn 
20 101 lORn 
21 100 BHEn 
~ ~ O~ 

23 98 WRn 
~ W ~~ 
25 98 VSSI1 
28 95 PROCLK 
27 94 V002 
3 ~ ~~ 

~ ~ ~M 
~ ~ ~~ 
31 90 CINTn 
32 88 MWRn 
~ M ~~ 
~ ~ ~~ 
~ M ~ 
38 as 507 
~ ~ ~ 
38 83 80S 
~ ~ S~ 
~ . ~ ~ 

~~~~~'~"i~~a~~I~118.8aJII~112~~~~~~~~~Z 
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OTI-087 18 386/486 Pin Diagram 

VSSOO 120 RASLn 
[ 

MD24 119 WEBn 
MD25 118 WENt 

( MD26 117 WECn 
M027 118 WECn 
M028 115 MA23(8) 
M029 114 MA23[7) 
M030 113 MA23(8) 
M031 112 MA231S) 

ATOELn 111 MA23(4) 
OIR 110 MA23(3) 

SDLOEn 109 MA23(2) 
SCHOEn 108 MA23(1) 

CPUAO 107 MClK 
CPUA1 108 VClK 

CPUBHEn 105 CSELO 
EEPCSn 104 CSEl1 

CSEL3 103 CSEL2 
, 

EPCLK 102 10Wn ( 1 
SROYI 101 lORn 
VOOO 

.. 
100 BHEn 

VSSIO 99 EPOATA 
LBSELn 98 WRn 

SWSENSE 87 RSET 
PO 86 VSSl1 
P1 95 PROCLK 
P2 94 V002 
P3 93 ADSn 

VSS01 82 HLOA 
P4 81 1016n 
P5 80 CINTn 
P8 89 MWRn 
P7 88 MROn . L 

VSYNC 87 RfSHn 
HSYNC 88 AEN 

BlANKn 85 507 
PCLK 84 508 

S08 83 SOS 
S09 82 S04 

S010 S03 
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OTI-087 Register DefinItions 

III OTI-O,87 Register Definitions 

I Refer to 011-067 databook or mM technical reference for VGA register definition. All registers are in 

• 

hexadecimal format. Local bus related registers follow: . . 

Loc.al Bus Related Registers 
1 F Video memory range control register Index = 5 w 

lli.t Description 
o VMSO: En/Dis video memory AOOOO - AFFFF (64K}. 
1 VMSl: En/Dis video memory BOOOO - BOFFF (4K). 
2 VMS2: En/Dis video memory BlOOO - B3FFF (16K). 
3 VMS3: En/Dis video memory B4000 - B7FFF (16K). 
4 VMS4: En/Dis video memory B8000 - BBFFF (16K). 
5 VMS5: En/Dis video memory BCOOO - BFFFF (16K}. 
7-6 Reserved. 

Default: IF 

Adapter Card/Motherboard Configuration 
There are two sets of registers that control the mM VGA products. One register set controls access to the on
board. system VGA and the other register set contre.ls access to the add-on VGA These registers are used to 
enable or disable the appropriate VGA interface. The 011-087 chip contains both add-on and on-board 
registers. The registers that control on-board operatioll also reside in the system chipset or on the 
motherboard. The addresses for both register sets are: 

Add-on VGA mode 46E8 control (in 011-087) 
0102 enable/disable (in 011-087) 

On-board VGA mode 03C3 
0094 
0102 

Add-On Mode Configuration 

enable/disable (in 011-O87) 
control (in 011-087 and system chip) 
enable! disable (in 011'{)87) 

In order for the OTI-087 to properly function in the add-on mode. the following initialization sequence is 
recommended. This example assumes no BIOS ROM paging. 

46E8 <- 10 Enable access to location 0102 in VGA chip. 

0102 <- 01 Enable VGA chip. 

46E8 <- 08 Activate read/write access to VGA interface. 
Once in this mode. 46E8 bit 3 may be cleared to disallow access or may be set to permit access to the VGA 
interrace registers. However. if 102 in the VGA chip is not loaded with a 1. 46E8 blt 3 has no. effect and the . 
VGA interface registers will not respond to read or write commands. . 
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Registers 46E8 and 102 are described below. 

46£8 w 

102 

This is a write-only register. This register serves as the Power on Setup (POS) equivalent on 
Micro Channel Architecture (MCA) machines. 
llit Description 
2-0 Reserved. 
3 VGA. Color Palette. and Video RAM access control. 

Bit 3 Description 
o Disable read/write access to VGA/Color Palettt;Nideo RAM. 
1 Enable read/write access to VGA/Color Palettt;Nideo RAM 

. (normal operational mode). 
4 This bit sets the current state of the OTI-087 in add-on mode. 

7-5 

Bit 
o 

llli...4 Description 
o Add-on card is in the ACTIVE state (this is the normal mode of 

operation for the add-on mode). 
1 Add-on card is in the SETUP state. This permits a software utility 

to enable or disable access to the OTI-087 chip. 
Reserved. 

Description 
VGA. Color Palette. and Video RAM access control. 

'0: .. n D' . lULllescnphon 
o Disable read/write access to VGA/Color Palettt;Nideo RAM. 
1 Enable read/write access to VGA/Color PalettefVideo RAM. 

7-1 Reserved. 

On-Board Mode Configuration 
When the 011-087 is configured to operate on a system motherboard, the ENVGA pin or register 3C3 in 
conjunction with registers 94/102 controls access to the 011-087. To access the OTI-087 chip. ENVGA 
should be asserted or register 3C3 bit 0 set to 1. Register 102 bit 0 should also be set to 1. To access register 
102 in on-board configuration. 011-087'5 register 94 bit S should be written with a O. The definition of 
register 94 inside 011-087 is given below. 

94 W 

This is a write only register. 
'0:.. D .. JlU,escnphon 
4-0 Reserved. 
S VGA. Color Palette. and Video RAM access control. 

Bitj DescriptiOn. 
o Disable read/Write access to VGA/Color PalettefVideo RAM. 

Enable write to register 102. 
1 Enable read/write access to VGA/Color Palc.tteJVideo MM.. 

Disable write to register 102. 
7-6 Reserved. 
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. OTI-087 Register Definitions 

3DF Oak Test Register Index = 3 R/W 
Bit Description 
2'{) Test mode - These bits define the test modes of the controller. 

Bits 2-0 Test mode 
000 Test CRTC. 
001 Reserved. 
010 Test waveform RAM. 
011 Reserved. 
100 Reserved. 
101 Scan Test Attribute Controller. This bit forces the font data and 

attribute data to be replaced by the system data bus 15:8 and 7:0 
respectively in text mode. In graphic mode, this bit replaces the 
APA data with system data bus 15:8. 

110 Reserved. 
111 Reserved. 

3 Reserved. 
4 Cache Flush 

Bit..4 Description 
o Normal operation. 
1 Flush the write cache immediately after a write command. 

S VSYNC Test. This bit will cause the V·sync to toggle when it is changed from 1 to 0 
or from 0 to 1. 

6 I/O write test bit. 

7 

Defau]t: 0 

llli..6 Description 
o Normal operation. 
1 I/O test mode - In this mode, an I/O write command is not 

clocked by MCLK. Bit 6 must be 0 during normal operation. . 
Enable test mode. 

BitZ 
o 
1 

Description 
Normal operation. 
Enable global test modes. Bit 7 must be 0 during normal opera
tion. 

3Df Local Bus Control Register Index = 4 RfW 
Bit Description 
o First write wait state. 

Bit..2 Description 
o No additional wait state for the first write cycle (the first write 

cycle is a memory write cycle when the write cache is empty). 
1 One wait state is inserted into the first write cycle. This bit 

should be turned on when the 0TI-087 is operated with 20 MHz 
80286 CPU, or 40 MHz or higher freqUency 80386 and 80486 
CPu. 
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3 

4 

7-4 
Default: F 

.' 

Write hit wait state. 
BiLl pescription 

o No additional wait state for write' hit cycle (a write hit cycle is a 
write cycle which shares the same .cache page address With the 
previous write). 

1 One wait state is inserted into each local bus write hit cycle. 

Read hit wait state. 
RiU 

o 

1 

This bit should be turn~d on when the controller is operated with 
40 MHz or higher frequency 80386 and 80486 CPU's. 

DescriPtion 
. No additional wait state for read hit cycle (a read hit cycle is a 
read cycle in which the content of the read already exists in the 
read cache). 
One wait state is inserted into each local bus read hit cycle. 
This bit should be turned on when the controller is operated with 
40 MHz or higher frequency 80386 and 80486 CPU's. 

80486 Minimum wait state. 
llli..l Description 

o Zero-wait-state 80486 local bus. 
1 . Minimum l-wait-state 80486 local bus. This bit has no effect on 

configurations other than 80486 local bus. 
Turbo local bus interface. 

; Bitl Description 
o Normal local bus operation (011-087 Rev A and 011-087 Rev B) 
1 Enable this bit for faster local bus performance. 

Reserved. 

3DF Video Memory Mapping Register Index = 5 R.JW 
llli Description 

. 0 Enable Oak address mapping. 
llliJl Description 

o . VGA memory mapping at AOOOO and B8000 as dictated by 
Graphic register 6. 

1 Oak memory mapping as dictated by bit 2 and 3 of this register. 
1 DMA access disable. 

Bill Description 
o Normal operation. 
1 Disable DMA access to video memory. This bit is used when the 

011-087 linear address range is to be higher than 16 Mbytes. 
3-2 Memory address aperture select. These bits define the memory address aperture for 

which the on-087 will respond. These bits have no effect if bit 0 - O. 
Bits 3.2 Memory address aperture . 

00 xOOOQ().x3FFFF: 2S6K aperture. 

[ 

[ 
r 
I. 

(~ 
l 

01 x~x7FFFF: Sl2K aperture. l ' 
10 xOOOQ().x~: 1M aperture. 
11 xOOOQ().IFFm: 2M aperture. 
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OTI'()87 Register Defln1tlons 

74 These bits define the starting address range for the 011-087. 
Bits 74 Start address 

0000 000000 - only VGA memory mapping (AOOO(}'BFFFF). 
____ 0001 100000 ' 

iiii F~OO 
For 2 Mbyte aperture, the starting address has to be multiple of 2 Mbyte. 
Default: 0 

3DF Clock Select Regl$ter Index= 6 R/W 
Bit D~cril2tiQD 
3-0 Video Clock Select. The state of these 4 bits are reflected in the pins CSEL[3:0). Bits 

1-0 of this register are the images of bits 3-2 of register 3C2. Bit 2 of this register is 
the image of bit 5 of extended register D. See frequency table for more details. This 
frequency table reflects 011-068 oniy. Future Oak clock chips may have different 
frequ'encies. 

Frequency Table for OTI-068 
ts~L3 CSEL2 tsELI CSELO CLOtK (MHz) 

0 0 0 0 25.2 
0 0 0 1 28.3 
0 0 1 0 65.0 

0 0 1 1 44.9 

0 1 0 0 28.3 

0 1 0 1 36.0 

0 1 1 0 40.0 

0 1 1 1 36.0 

1 0 0 0 25.2 

1 0 0 1 28.3 

1 0 1 0 18.0 

1 0 1 1 65.0 

1 1 0 0 63.0 

1 1 0 1 12.0 

1 1 1 0 40.0 

1 1 1 1 50.0 

7-4 Reserved. 
Software reset must be executed each time this register is updated. 

Default: 0 
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Configuration Register 1 Index =- 7 R 
llli Description 
o BIOS path width selection. 

Ilit.O Description 
o 8-bit BIOS (1 ROM) 
1 16-bit BIOS (2 ROM's) 

2-1 Bus Modes. These bits define the bus configuration of the controller. For different 
types of local bus configurations. see Configuration Register 2. bits 1 and O. 

Bits 2.1 Bus Modes 
00 Local bus Motherboard. When this mode is selected, the OTI-087 

must be enabled through port 94/102 and 3C3. This mode also 
disables ROM decoding at COOOO. 

01 Local bus Add-on. When this mode is selected, the OTI-087 must 
be enabled through port 46B8/102 and enables ROM decoding at 
COOOO. 

10 Motherboard, AT-bus configuration. In this configuration, the 
OTI-087 is enabled through 94/102 and either 3C3 or ENVGA 
and does not respond to COOOO. 

11 Add-on card, AT-bus configuration. In this configuration, the 
OTI-087 is enabled through 46B8/102 and responds to caooo. 

4-3 DRAM type. These bits define the type of DRAM used. 

( -. 

Bits 4.3 DRAM Type 
00 64Kx16 ( -j 
01 Reserved. 
10 256~ 

11 512Kx8. I 
5 Configuration for pin 92 when in local bus configuration (bit 2 of this register - 0). 

BiU Description 
o pin 92-MASTERn 
1 pin 92=HLDA 

6 I/O write sampling clock speed. laWn from the AT-hus is internally sampled with 
MCLK. thus it is important to indicate to the I/O controller the MCLK. speed. 

'D: .. &. D' . AW...llescnptlon 
o MCLK >- 44 MHz 
1 MCLK < 44 MHz. 

7 CPU Clock select. 
Bill Description 

o Normal system clock; 2X clock for 386, IX clock for 486. 
1 VL-Bus CPU clock; IX clock for 386. 

Bit 2 and bit 7 of this register in combination with bits 1,0 of Configuration Register 
2 are used to enable the EEPROM function for capable 386/486 local bus 
configurations. 

Indcr-7 Index-8 
Bit 7 2 Bit I 0 Pin 17 Description 

x 0 0 0 BD[7) Oak Local Bus 
. 0 0 x x CPURESET 386/486 Local Bus l. r 
o 1 x x BD[7) AT-Bus 
lOx x EEPCSn 386/486 I.ocal Bus 

The contents of this register are loaded from MO[7:O] duril1l hardware reset. 
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OTI-087 Register Definitions 

.3DF Configuration Register 2 Index = 8 R 

Bit 
1-0 

54 
6 

7 

Description . 
Local bus interface select bits - These bits define local bus type. These bits only have 
effect when bits 2 and 1 of Configuration Register 1 are 00. 

Bits 1.0 Bus Type 
00 Oak local bus. 
01 80386 local bus interface. 
10 80486 local bus interface. 
11 Reserved. 

Color Palette interface select bits. 
Bits 3.2 . Color Palette Type 

00 Type 0: BT476. SC11487. IMSG174 or equivalent. 
01 Type 1: MU9C1715 or equivalent. 
® Type 2: BT484 or equivalent. 
11 Reserved. 

For Type O. PCLK. is passed through. For Types 1 and 2. PCLK is divided by two 
when in Hi-color mode and divided by three when in true color mode. Also. for 
Types 1 and 2, MUXCLK is generated to latch pixel data. For Type 2. BI.ANKn is 
delayed by 1 divided PCLl<. 
Reserved. 
Enable Feature Connector for select local bus configurations. Bits 0, 1. and 6 of this 
register determine the function of pins 19 and 20. Bit 6 can only be enabled when 
GAlO and SRDYi are not needed. 

Bits 6. 1. 0 linJ.2 
o 0 0 GAlO 
o 0 1 GAlO 
o 1 0 GAlO 
011 
100 
101 
110 
111 

EPCLI( 
EPCLI( 
EPCLI( 

~ 
N.C. 
SRDYi 
SRDYi 

EPDATA 
SRDYi 
SRDYi 

lE..22 
DCn 
DCn 
DCn 

DCn 
EPDATA 
EPDATA 

DRAM support bit. This bit determines whether pins 11~119 and pin 123 is a write 
enable or CAS pin for different DRAM types. 

The contents of this register are loaded from MD[lS:8] during hardware reset. 
Bit Pin 123 Pin 118 Pin 119 Pin 116 Pin 111 
o CASAn WEAn WEBn WECn WEnn 
1 WEn CASAn CASBn CASCn CASDn 

3Dr Scratch Resisters Index = 9, A, B R/W 
~ Description 
7-0 8 scratch bits. 

These scratch pads are defined and reserved for internal use. Application so~e aDd device drivers 
should Dot use them. 
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3DF CRT Control Register Index = C 
llit Description 
7.fJ Not used. 

3DF Oak Miscellaneous Register Index = D 
Bit Description 
2.fJ FIFO depth control. A minimum memory FIFO depth is filled with display data 

before CPU read/write request is allowed to process. These bits are the image of index 
register 20 bits 2.fJ. 

4-3 Extended graphics mode selection. These two bits are the image of extended register 
21 bits 3-2. ~." 

Bits 4.3 Mode Selection 
00 VGA modes or Oak planar modes. 
01 Oak packed pixel modes. Used for 256. 32K. 64K and 16M 

color modes. 
10 Reserved. 
11 Reserved. . 

5 Clock select bit 2 (CSEU). Used witl! bits 2 and 3 of Miscellaneous register in the 
general registers area to select different clock frequencies.. Up to eight different clock 
inputs can be selected. This bit is the image of extended register 6 bit 2. Refer to 
extended register 6 for clock table. 

7~ Reserved. 
This register is for compatibility purposes only. New .oftware devdopment should use extended 
registers 6. 20 Be 21. Software reset must be executed each time this register is updated. 
Default: 0 

3DF Backward Compatlb11ity Register Index = E 
Bit Description 
7.fJ Not used. 

3DF NMI Data Cache Register Index = F 

Bit Description 
7.fJ Not used. 

3Df Dip Switch Resister Index = 10 R 
Bit Descriptipn 
7.fJ Dip switch status register. The contents of this register are loaded from 5D[7:0] 

during hardware reset. 

3DF Segment Register Index - 11 
Bit Descriptipn 
3.(J Read segment for CPU memory read. 
7-4 Write segment for CPU memory write. 
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These two ~bit segment registers are used to extend the CPU ,addteS; for video 'memory sizes greater 
than 256 Kbytes. Bits 3'{) are used to address the video memory read operation. Bits 74 are used to . 
address the video memory for write mode operations. Bits 3-0 are the image of index. register 23 bits 3-
O. Bits 7-4 are the image of index register 24 bits 3-0. 

CPUADDR[19:16] - N:Rll[3:0] for read. 
CPVADDR[19:16] ... NRll[7:4] for write. 

This register is provided for compatibility purposes only. New software development should use 
registers 23, 24 & 25. 
Default: 0 -

3DF Configuration Register 

llli Description 

Index = 12 

7-0 Not used . 

3DF Bus Control Register Index = 13 
llit Description 
2-0 Reserved. 
3 AT-bus Zero-Wait-State enable. 

JfuJ. Description 
o Disable zero wait state AT-bus operation. 
1 Enable zero wait state AT-bus operation. 

4 BIOS ROM bus width selection. 
~ Description 

o Enable 8-bit video BIOS ROM interface. 
1 Enable 16-bit video BIOS ROM interface. 

5 BIOS ROM address selection. 
Bit..i Description 

o Enable video BIOS ROM access at COOOO. 
1 Disable video BIOS ROM access at COOOO. 

6 I/O access bus width selection. 
n:. ~ D' . J,UUleSCnpbon 

o 8-bit I/O access. 
1 16-bit I/O access. 

7 Video memory bus width selection. 
n :. "7 D' . JoW...Lescnpbon 

o 8-bit memory access. 
1 16-bit memory access. 

\ Default: 0 , 

. 3DF Oak Overflow Register Index = 14 
Bit Description 
o Vertical Total Bit 10 
1 Vertical Blank Start Bit 10 
2 Vertical Retrace Start Bit 10 
3 High Order Start Address Bit 8 
64 Reserved. 
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7 Enable interlaced display. 
1lli..Z Description 

o non-interlaced display. 
1 interlaced display. 

Default: 0 
Note: The High Order Start Address Bit 8 (bit 3 of this register) can also be updated with register 
index = 17, bit O. 

3DF HSYNC DIvided by Two Start Register Index = 15 

llli Description 
7-0 This 7 bit value indicates when the vertical retrace will start in every odd frame during 

interlaced mode. The unit of this value is in the character position. 

3DF Oak Overflow Register 2 Index = 16 

Bit Description 
7-0 Not used. 

3DF Extended CRTC Register Index = 17 R/W 
lli.t Description 
2-0 High Order Start Address Bit 10-8. 
7-3 Iteserved. 

Note: The High Order Start Address Bit 8 (bit 0 of this register) can also be updated using 
register index = 14, bit 3. 

3DF EEPROM Contro. Register Index = 18 R/W 
Ifu Description 
o EEPROM Data. This bit is the data line between the serial EEPROM and the VGA 

controller. When reading this bit. data comes from CSEL[OJ. When writing to this 
bit. data is sent to CSEL{1]. At the board level, CSEL{O] and CSEL{1] are connected to 
the EEPROM data out and the EEPROM data in pins respectively. 

1 EEPROM CS. This bit is used as the chip select control for the EEPROM. It should 
be set to 1 for the VGA controller to access the EEPROM. 

2 EEPROM Function Enable. This bit selects the function of the CSEL bus. When this 
bit is 1. CSEL[2:0] are used to interface with the EEPROM. When this bit is O. the 
CSEL[2:0] function as clock select signals. e.i ., ..' .. 3 EEPROM Clock(SK). The value of this bit, which acts as the shift clock for the serial 

. EEPROM. is reflected on CSEL(2]. To program the EEPROM. this bit is 
programmed to toggle between 1 and 0 every 4us. 

7-4 Reserved. 
Default: 0 
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. OTI-G87 Register Definitions 

Color Palette Range Register Index == 19 R/W 
1lli Description . 
3-0 Color Palette range. This register, in addition to the mM VGA Color Palette address 

range 3C6-3C9. defines the I/O address range for the Color Palette. The Color 
Palette read and Color Palette write lines of the OTI-087 are activated when the 
programmable address range 3xO-3xF is accessed. Here x is defined by bits 3-0 of this 
register. The valid value for this register is 0 to E. A programmed value of F disables 

7-4 
Default: 4 

the Color Palette range function. 
Reserved. 

3DF FIFO Depth Register Index == 20 R/W 

7-4 
Default: 1 

Description 
FIFO depth control. This register defines what minimum level the display FIFO must 
be filled to for a CPU read/write request to be processed. Bits 2-0 of this register are a 
mirror image of bits 2-0 of extended register D. 
Reserved. 

3DF Mode Selec.t Register Index = 21 
]fu 
o 

1 

3-2 

4-6 
7 

Description 
Enable Hi~lor: This bit is used to select the OTI-087 for Hi~lor operation. 
When this bit is enabled. all horizontal CRT parameters are multiplied by two. 
Enable True Color: This bit is used to select the OTI-087 for True Color operation. 
When this bit is enabled. all horizontal CRT parameters are multiplied by three. 
Extended graphics mode selection. 

Bits 3.2 Mode Selection 
00 VGA modes or Oak planar modes.·' 
01 . Oak packed pixel modes. Used for 256. 32K. 64K and 16M 

color modes. 
10 Reserved. 
11 Reserved. 

Bits 3-2 of his register are a mirror image of bits 4-3 of extended register D. 
Reserved. 
Select one refresh. 

Bit.l 
o 
1 

Description 
Normal operation. 
When this bit is 1. only one memory refresh cycle will be ex
ecuted per scan line. This bit overrides bit 6 of CRT register 
index -U. 

Note: Software reset must be executed each time this register is updated. 
Default: 0 
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3DF Feature Select Register Index .. 22 R{W 

llli Description 
o Enable content addressable for 64-bit graphic latch. When bit 4 is low. and this bit is 

1 
2 

3 

4 
5 

high. content of the 64-bit graphic latch can be selected from system address to be 
written out to video memory. . 
Reserved. 
Enable read cache. This bit enables the read cache in the OTI-087 controller. It 
should be set to 1 for high performance operation. 
Enable write cache. This bit enables the write cache in the controller. It should be set 
to 1 for high performance local bus operations. This bit must not be enabled for AT
bus implementations. 
Enable 64-bit graphics latch. 
CPU latch swap. This bit reverses the order of the high and low CPU latch during 
CPU write operations. This feature is useful when the CPU write address and CPU 
read address are unaligned. 

7-6 
Default: 0 

Reserved. 

3DF Extended Read Segment Register Index = 23 

3DF 

Bit Description 
4-0 These 5 bits correspond to the CPUADR[20:16] for CPU read operations. They are 

used to extend the 64K video memory space (AOOOO-AFFFF). The least significant 4 
bits of this register are shared with NRll[3:0]. A write to one of these registers effects 
the contents of the other register. 

7-5 Reserved. 

Extended Write Segment Register Index" 24 R/W 
Bit Description 
4-0 These 5 bits correspond to the CPUADR[20:16] for CPU write operations. They are 

used to extend the 64K video memory space (AOOOO-AFFFF). The most significant 4 
bits of this register are shared with NRll[7:4]. A write to one of these registers effects 
the contents of the other register. 

7-5 Reserved. 

3Df Extended Common Read Write Register Index =- 25 R/W 
llli Description 
4-0 These S bits are a write port for both register 23 and 24. A write to this register is 

equivalent to writing into both index registers 23 and 24. A read to this register is 
equivalent to reading the extended write segment register. 

7-5 Reserved. 

Pace 42 ' . 

c~. 

.. ----------~--------~~~-------------------~----------~~.- -- . 



L. 
' l • • •. , 

,-

iio-
} 
1 

I 
I 
I 
I 
I. 
I 
J 
.1 
J 
J 
J 
J 
I 
~ 

3DF 
, . 

. ' .. . , . ' . . .( '~ .. ; . . ':.:-

OTI-G87 Register Definitions 

Color Expansion Control R.eglster Index = 30 R/W 
Bit Description 
o Enable color expansion mode. -

1lliJl Description . v' 

a Disable color expansion mode , 
1 Enable color expansion mode. Memory data written to the video 

memory depends on the contents of the foreground color 
register. the contents of the background color register and the 
contents of the color pattern register. 

1 Planar/packed pixel color expansion mode select. 
BiU - Description 

o Packed pixel color expansion mode. 
1 - Planar color expansion mode. 

2 Select pattern register for color expansion. 

3 

4 

llli.Z Description 
o The CPU data bus is used to select the foreground and back

ground register. 
1 The color pattern register is used to select the foreground and 

background register. 
Pixel mask enable. 

B.it.l 
o 

1 

Pixel mask ordering. 

Description 
Disable pixel mask function. In this mode the masking function 
is compatible with the mM VGA 
Enable pixel mask function. In this mode both the map mask 
register and the address masking in packed pixel mode is dis
abled. 

~ Description 
o Bit 7 correlates to pixel 7 of a character. 
1 Bit 7 correlates to pixel 0 of a character. 

7-5 
Default: a 

Reserved. 

3DF Foreground Color R.eglster Index = 31 R/W 
Bit Description 
7-0 Foreground color register. These 8 bits define the foreground color in color 

expansion mode. 

3DF Background Color Register Index = 32 R/W 
Bit Description 
7-0 Background color register. These 8 bits define the backgrou,nd color in color 

expansion mode. . 
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3DF Color Pattern Register Index a 33 

lli.t Description . 
7-0 Color pattern register. These bits select the for~round and background color patterns 

in color expansion mode. When a bit value is I, the foreground color is selected. 
Background color is selected when a bit value is O. Bit 7 corresponds to the first pixel. 

3DF Pixel Mask Register 

Description 
Pixel mask bits. 

llli.1:2 
o 
1 

Description 
Mask pixel data. 
Pass through pixel data. 

Index = 34 R/W 

These bits arc effective when NRJO[3] "'1. Por Oak packed pixel modes, this register can be used 
to mask individual pixds of a character, with bit 0 being the first phd in a character. For planar 
modes, this register can he used as the map mask register. In 'planar mode the least significant 4 
bits are used as the map mask bits when the video memory address is odd, and the most 
significant 4 bits are used when the address is even. 

3DF CPU Lat,h Index Register Index III 35 R/W 

7-3 

Description ; ",': 
CPU latch ind~ register. These 3 bits select the CPU latch that will be accessed 
through the CPU latch data register (index=3DF). This register is automatically 
incremented when a read from or write to NR36 occurs. 
Reserved. 

3DF CPU Lat,h Data Register Index = 36 R/W 
lfu Description 
7-0 CPU latch data register. These 8 bits reflect the data stored in the graphics latch 

selected by the CPU latch index register. 

3DF He Horizontal Start Register Hlgb Index - 40 R/W 
Bit Description 
7-0 These are the high order bits of the horizontal starting position of the He relative to 

the start of the display area in pixel units. The top left comer is at (0,0). 

3DF He Horizontal Start Register low Index - 41 R/W 
Bit Description 
7-0 These are the low order bits of the horizontal starting position of the' He relative to 

the start of the display area in pixel units. The top left comer is at (0,0). . 

. . " .... ' " .'. 
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. OTI-087 Regl,ter Definitions 

30F HC Vertical Start Register Hlgb Index = 42 . .RIW 
Bit Description 
7-0 These are the high order bits of the vertical starting position of the HC relative to the 

start of the display area in pixel units. The top left corner is at (~.O). . 

30F HC Vertical Start Register Low Index = 43 R/W 
Bit Description 
7-0 These are the low order bits of the vertical starting position of the HC relative to the 

start of the display area in pixel units. The top left comer is at (0.0). 

30F HC Horizontal Preset Register Index I: 44 R/W 
Bit Description 
7-0 This register defines the starting horizontal position of the HC within the 64x64 pixel 

area. The HC always ends at position 63 (Le .• no wrapping). 

30F HC Vertical Preset Register Index = 4S 

Bit Description 
7-0 This register defines the starting vertical position of the HC within the 64x64 pixel 

area. The HC always ends at position 63 (i.e .• no wrapping) . 

30F HC Start Address High Low Register Index. 47 R[W 
121:'~ D" J,W. escnptlon 
7-0 This register is the low order byte of the high order word of the linear starting address 

of the 64x64 pixel buffer within the video memory. 

30F HC Start Address Low High Register Index a 48 

Bit Description 
7-0 This is the high order byte of the low order word of the linear starting address of the 

64x64 pixel buffer within the video memory. 

3Df HC Start Address Low Low Register Index 49 R/W 
Bit Description 
7-0 This is the low order byte of the low order word of the linear start address of the 

64x64 pixel buffer within the video memory. 

.' 
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3DF HC Color 0 Register 
'D:~ n .. 
AU.\, 6I!eScnptlon 
7-0 This register defines the sprite color O. 

3Df HC Color t Register 
llli Description 
7-0 This register defines the sprite color 1. 

3Df HC Control Register 
Bit Description 
o He color control. Power~n default is O. 

~ DeKription 
o Disable He color. 
I Enable He color. 

1 He display selection. 
Bit...l Description 

o He is in overscan mode. 

Index • 4A R/W 

Index = 48 R/W 

Index4C R/W 

I He is displayed over the overscan. 
2 

3 

7-iJ 
Default: 10 

He data format. 
lU.t.Z Description 

o Bit 0 is the first pixel. 
1 Bit 7 is the first pixel. 

He blink rate enable. 
EWll DeKription 

o Disable He blinking. 
1 Enable He blinking. 

He blink rate control. 
Bits 5.4 Blinkin& rate 

o 0 4 frames on and off. 
o 1 8 frames on and off. 
10 16 frames on and off. 
1 1 32 frames on and off. 

Reserved. 
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Video ROM Cyde Timing 

AU 

!A113:17) 

M16n* 

5AI19:0) 

MRDn 

8D[15:0) 

5D[15:0) 
(Read) 

ROMENn 

______ ~r-\~ __________________ ~ __ 

" ValId ____ -JJ~~ ________ J~ __________________________________ __ 

\----------.---

" Valid " J\ J\ 

~M~J tMcP ,~M~ .... , , , 
\ J 

I Valid 
\ 

!.L. tBosO ...... )HM~ 

)( Valid X 
;M~ ;MJtPt 

'( 
.... 

1 
It M16n remains high when the Bus Control Register bit 4 or Configuration Register 1 bit 0 is set to o. 

Symbol Parameter MID (ns) Max (ns) 

tM16 M16n Active from Valid LA(23:17] 40 

tASMC SA[ 16;0] Setup to Memory Command ActIve Z5 

tMCP Memory Command Pulse Width 165 

tAHMC SA(I6:0J Hold from Memory Command inactive 20 

tOHMW Write Data Hold from MWRn Inactive 15 

tOHMR Read Data Hold from MRDn Inactive .0 -
tBOSO 80[7:0] Valid to SDU S:O] Valid , lS 

tMRR£ ROMENLn Delay from MRDn 15 

L 

.I 
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J 
J 
J 
J 
J 
J 
J 
( 

J 

! • 

' . 

Vlde~ Pixel Timing 

Type 0 DAC 

VCLK 

PCLK 

P(7:0) 

BLANKn 

Type 1 DAC -15/1 6:Blt Color 

VClK 

PClK 

IlIANKa 

. . 
• , > ." 

Pase49 
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Type 1 &.. Type 2 DAC - True Color [ 
,.--------------~----. C. 

VCLK ; 

PCLK 

MXCLK 

t MXPXS t MXPXH t MXPXS 0 t MX.PXH 

~ ffi 

BlANKn 

Video Pixel Timing 

Type 0, Type t and Type 2 DAC Timing 

Symbol Parameter 

tVCKP VIdeo Input Oock Period 

tVCKH VCLK Width High 

tVCKL VCLK Width Low 

tCHCH Pixel Oock Period 

tCHCL PCLK Width High 

tCLCH PCLK Width Low 

tPVCH Pixel Word Setup nme 

tCHPX Pixel Word Hold nme 

tBVCH Blankn Setup nme 

tCHBX Blankn Hold nme 

tMXPXS Mux Oock Setup nme 

tMXPXH Mux Oock Hold nme 

tPKMXI<. Pixel Cock to Mux Cock Delay 

Paac 50
0 

• 

Min (ns) 

12 

6 

6 

12 

tVCKH-1 

tVCKL-1 

3 

3 

3 

3 

3 

3 

2 

Max (as) 

r 

l 

o L 

l 



I 
J 
J 
J 
J. 
J 

~ 
J 
J 
J 
J 
J 

• 

Video DAC I/O Timing 

SAIt9:0) " VaUd 
J\ 

..,tASIO .... .., tlocP 

IOWn 

DACWRn 

SDU5:0] 
(Write) 

80[7:0) 
(Write) 

lORn 

DAomn 

80[7:0) 
(Read) 

... , 
1\ 

lJCDC towp .., ........ ... 

'f 1 
toVlW 
~ 

W 
1\ 

.., tsOBO ... 
,. 

, 
, 

1\ 

lJeoc 
..... ..... 

"\ 
, 
1\ 

tsoso .., ... ... ,. 
SDU5:O) 
(Read) 

.Y , 

Symbol Puameter 

tASlO SA[16:0) Setup to flO Command Active 

tAHlO SA[16:0] Setup from I/O Command lnacttve 

dOCP flO Command Pulse Width 

tDVIW Write Data Valid from 10Wn Acttve 

tDHIW Write Data Hold from 10Wn Inactive 

tDHIR Read Data Hold from lORn lnacttve 

tlCDC DAC Command Delay from I/O Command 

tDWP DACWRn Pulse Width 

tSOBO SD[7:0) Valid to BD(7:0) Valid 

tBOSO 80[7:0) Valid to 5D(15:0) Valid 

Paae 51 

V.ud 

OTI-087 ~C Tlmlna and DC Parameters 

, 
J 

., ~HIQ.. 
,. 

'I 
J 

toHIW 

~ 
V.ud \ 

/ 

, 
J 

ttcDC 
.... ... 

1 
Valid 

tOHIR 

Valid 
/' 

Min (ns) Max (ns) 

25 

30 

115 

·55 

15 

0 

25 . 
. 

70 

50 

35 
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Video I/O Access Timing 

SA(t9:0) 

10160 

10Wn 
lORn 

SD[15:01 
(Write) 

SD[15:0 
(Read)] 

Symbol 

tl016 

tASlO 

tAHIO 

tlOCP 

tDVlW 

tDHIW 

tDVIR 

tDHIR 

" J\ 

Jf ~016 , 

'\ . 

,lASlO, " 
"-, 
\ 

L toVI~ 

~ 
toVIR 

J' ~ 
"- 'I, 

V 
'\. 

Parameter 

101 6n Active from Valid SA[15:0) 

SA[16:0] Setup to I/O Command Active 

SA[16:0) Hold from I/O Command Inactive 

I/O Command Pulse Width 

Write Data Valid from IOWn Active 

Write Data Hold from IOWn Inactive 

Read Data Valid from lORn Active 

Read Data Hold from lORn Inactive 

,.52 

."" .,#0" . ~ 

Valid 

~ocP 

Valid 

Valid 

. .:.t.'\1~" ," I " __ j "_ ' . 

4 J' ! i" r; '. :t.~ 
, 

" . oJ\ 

, t~IO," , 
I( 

J 

rHi 
~HI~ 

\j 
/' 

Mlo (os) 

25 

30 

115 

·55 

15 

0 

Max (os) . 

60 

70 

I 

( 1 

I: 
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OTI'()87 AC Tlml~ and DC Parameters 

• Local ;Bus Interface Timing 

I 
I 
I 
I 
I·. 
I 
~ 
\ 

I 
I 
I 
I 
I 
I 
I 
L-

I 
-

386 CLIU 

486CLK 

ADS 

ADDR. 

DIR. 

SDHOEn 
SDLOEn 

SRDYO 

CPUAO 
CPUA1 

CPUBHEn 

lORn 
IOWn 

ATOlHn 
ATOEln 

DDt 

lBSEln 

DCa 
WID 

sun 

INdSD 

Wrtt.SD 

~ 

, Valid " 
----JJI~----_T----------r_-----J~~_r------------------

" 1 
tso0!j 
Jr-----

tSRDY 

I 
tADEl 

~ 
-----+--'~I~~4---------4-----~---r-----------------
------t---J \\.....-I-----------f-------!----f------------------

, 

I tssoa.Yl 'HSRDYl 
~ .......... 

------------------------t---~~' , ~ 'y,--------------
~~s .. ~~ 

------------------------~~I~'~---'~~.~L-------------
----------------~--_T---j V4d J\~ __________ _ 

\vosl~ . ~ ~ ~&"w-H-------
--------------~A~~---v-*----~y 

,.53 
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Local Bus Interface Timing 
.. 

Symbol ; Parameter Min (ns) Max (ns) 

tOIR DIR Active from CPUCLK 6 25 

tSDOE SOHOEn. SOLOEn Active from Valid Address 6 15 

tSRDY SRDYn Actlve/lnactlve from CPUCLK 6 15 

tADEL CPU AO. At. BHEn Valid from BEO-3n see Note t 

tATOE ATOE Active from IOWRn/lORDn 20 

tLBSEL LBSELn VaBd (rom SA t5 

tSSRDYI SRDYI Setup nme 5 

tHSRDYI SRDYI Hold nme 3 

tSS Status Setup nme 4 

tHS Status Hold nme 4 

tROS Read Data Setup nme 12 

tROH Read Data Hold nme 7 

tWOS Write I;>ata Setup Time 7 

tWDH Write Data Kold nme 5 

Note 1: This delay depends on the necessary external PAL Please refer to the tables below for PAL speed 
requirements. 

PAL Interface for 80386DX CPU 

Loc;aI Bus frequency 
20 MHz 
2SMHz 
33 MHz 
40 MHz 

PAL Interface for 80486 CPU 

19s"By.f~CD" 
20 MHz 
2SMHz 
33 MHz 

PAL 1618 
lS ns 
lS ns 
10ns 
7ns 

PAL 1618 
lS ns 
lS ns 
10ns 

( 

( 

( 
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1 
1 
1 
1 
1 
1 
1 
J 

J 
J 
J 
J 
J 

! 
I --

DRAM Interface Timing 

MCl.K 

RASXn 

MAOt[SIO] 
MA23[S:O] 

CASXn 

MD[3t:O] 
(Read) 

CASXn 

WE.Xn 
(Write Only) 

MD[3t:O] 
(Write) 

Memory Refresh Timing 

MCLK 

IlAS 

ten. 

CAS 

' . .. ... , I ., ..... , ;. ., .. ' 

OT'-087.AC Timing and DC Parameters 

tRAS 

Col Addreu 

twCR 

toHR 

VaDd 

tcHIl. 

PqeSS 



DRAM Interface Timing &.. Memory Refresh T1m1n.g :,' 

SYMBOL P AIlAME.T£R Min (ns) Max: (ns) 
tMP Memory Clock Period 22 25 

tMCKR Memory Clock Rise/Fall 2.S 

tRC Random Rd/Wr Cycle TIme 7tMP 

tRP RASn Precharge TIme 3tMP 

tRAS RASn Pulse Width 4tMP 

tCSH CASn Hold Referenced to RASn 4tMP 

tAR Column Address Hold Ref. to RASn 4tMP 

tRAL Column Address to RASn Lead TIme 2tMP 

tASR Row Address Setup TIme ltMP 

tRAH Row Address Hold TIme ltMP 

tRSH RASn Hold Referenced to CASn ltMP 

tASC Column Address Setup TIme ltMP 

tCAH Column Address Hold TIme ltMP 

tCP CASn Precharge Time ltMP 

tCAS CASn Pulse Width ltMP 

tPC Fast Page Mode Cycle Time 2tMP 

tRAC Access Time from RASn 4tMP 

tCAC Access Time from CASn ltMP 

tAA Access TIme from Col. Addr. (MA) 2tMP 

tCPA Access Time from CASn Precharge 2tMP 

tRWL WExxn to RASn Lead Time ltMP 

tWCR WExxn Hold Ref. to RASn 4tMP 

tWCS WExxn Setup to CASn OtMP 

tWCH WExxn Hold Ref. to CASn ltMP 

tCWL WExxn to CASn Lead Time ltMP 

tWP WExxn Pulse Width ltMP 

tOHR MO Hold Ref. to RASn 4tMP 

tOS MD Setup to WExxn ltMP 

tOH MO Hold to WExxn ltMP 

tCSR CASn Setup to RASn (Ref. Cycle) (2) ltMP 

tCHR CASn Hold to RASn (Ref. Cycle) (2) 2tMP 

Notes: 
1. Refresh Cycles are implemented as CASn before RASn REFRESH cydu. 
2. Write cycles are implemented as EARLY WRITE cycles. 

P3ge 56 " 

....... ~:~-,.-

~~ .'1: .,., 

'" " "'. 'VI '\~:, - , -' i:;:?,'- ':-r 
L 

r 
c 

f' 

[' 
I 

r 

[' 

(1 
" ~ 

I 

I 
I 
l 

l 



.. 
J 
J 
J 
J 
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J 
J , 

J 
J 
J 

DC Specification 
ABSoluTE MAXIMUM RATINGS 
Ambient Operating Temperature 
Storage Temperature 
Supply Voltage to Ground Potential 
Applied Input Voltage 

.0· 0 

OTI-087 ·AC Timing and DC Parameters 

. OOCto+700C 
-650C to + 150°C 

-o.SV to +1.0V 
-o.SVto+1.0V 

Stresses above those listed may cause permanent damage to the 011-087. · These specifications are stress 
ratings only and do not apply to operational use. Functional operation of this device at these or any other 
conditions above those indicated in this da~asheet is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS: TA=OOCto 70°C, V
DD

=5V +/-5%, Vss = OV 

Symbol Parameter Min 

Voh Output Voltage High 2.4 

Vol Output Voltage Low 

Vol Output Voltage Low 

Vol Output Voltage Low 

Vol Output Voltage Low 

Vol Output Voltage Low 

Vol Output Voltage Low 

Vlh Input Voltage High 2 

VII Input Voltage Low ..0.5 

III Input Leakage Current -10 

011 Output Leakage CUrrent -10 

ICC Operating Supply Current 

CI Input Capadtance 

Co Output Capadtance 

Clo I/O Capadtance 

Notes: 

1) Output Current (101) Capabilities: 
24mk SO[15:0) with slew control. 

Max UnIt ConclldoDS 

V Ioh-400 uA 

.4 V 101-24 rnA, Note 1.2 

.4 V 10/-12 rnA, Note 1 

.4 V 101-10 mA, Note 1 

.4 V 101-8 rnA. Note 1 

.4 V 101-4 rnA. Note 1 

.4 V 101-2 rnA, Note 1 

VCC+0.5 V TTL, Note 3 

0.8 V TTL, Note 3 

10 uA 

10 uA 

125 rnA 

8 pF 

8 pF 

8 pF 

SmA: SRDY. RASLn. RASHn. CASAn. WEAn. WEBn. MA01[O]. MA23[O). HSYNC. VSYNC. 
LBSELn. BLANKn. P[7:0). PCLK 

4mA: BO[7:0]. MAOl[8:1]. MA23[8:1]. MD[31:0] 
2mA: CSEL[3:0]. DACRn. RACWn. ROMENLn 

2) Open Drain (open collector) Outputs: 
24mk IOCHRDY. CINTn. I016n. M16n. ZEROWSn 

3) Input Structures: 
TIL: All 
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Package Outlines 
An dimensions in mils (mm). 

1.238 (31.45) 

1.218 (30.95) 

1.106 (28.10) 

1.098 (27.90) 

~ -- 6' 6' ~ .... 0) ... d cO ..,; 
e e N ~ .... 
~ co S ~ ... 
"! "! .... .... .... .... ... 

JI~---- INDEX 

o 
.---41 

1 40 

.J \. 
! 
EI .004 (.102)1 

Pap.58 

[ 
(n 



I 
I 
I 
I 
I. 
I 
J 
( 

J 
J 
J 
J 
J 
J 
J 
.. 
J 

Package Outlines 
All dimensions in mils (mm). 

~-I~ .137 (3.47) 
.125 (3.17) 

Notes: 

t 
.137 (3.47) 
.125(3.17) , 

.020 (.50) 

.002 (.05) 

.026 (.R'il--II.c 

TYP 

l. Controlling dimension is mm, 

. ' 

OTI-087 Package Outline 

.063 (1 .60) __ 

.008 (.20) 

'. J [ 0' -10' 
. .037 (.95) 

.016 (.40) .025 (.65) . 

.008 (.20) 

1+1.013 (0.005) TYPI@ 1 

2. Oak Technology. Inc. reserves the right to change the package dimensionS at any time and. without · 
notice. 
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OTI-087 Drivers List 

:solution 
>Iors 
RIVERS: 
I&lOCAD 2.62 x 
UloCAD 9/10111112 x x x x x x x 
UloSbade 1.012.0 x x x x x 
idvance 4.0/4.1 x x 
:amcworkII x x 
;amework III x x 
EMJl3.1 x x x 
iltUsl23 2.0x x x 
otUS 123 2.2 x x x 
otua 123 3.0/3.1 x x x 
r<:ad4.0 x 
&122.1 x x x 
·CAD4.S x x 
'cnIUra 1.1 x 
'conua2.0 x x x 
'asaCAD6.0 x x x X x 
'cnaCAD/386 6.0 x x x x x 
1!SA TSR x x x x . 
TorcIPc:rfcct S.O x 
fOldPc:rfcct S.l x x x 
{iDdowa3.l x x x x x x x x x x x x 
~iDdowa Nr 3.1 x x x x x _. 

TheIe raolutiODI lie ODly aupportccI by 011-087 due to the requirement of2Mbytes of video memory. 
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SUDnyvale. CA. 94086 U.s.A. 
(408) 737~888 FAX: (408) 737-3838 

Japan 
Oak T ethnology. K.K. 
Kouraku Building 2F 
2-5-3 Nabmachi. Musashino City 
Tokyo. 180 Japan 
0422-56-3761 FAX: 0422-56-3778 

Taiwan 
Oak T ethnology. Inc. Taiwan 
Room B. 7F. No. 370 
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Section 1. Fu Hsin, South Road l 
Taipei. Taiwan R.O.c. 
(02) 784-9123 FAX: (02) 706-7641 
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