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& VLSI TECHNOLOGY, INC.
PREFACE

This manual provides the reader with a preliminary technical reference on the VLSI Technology,
Inc., TOPCAT PC/AT-compatible chip sets. In the body of the text, all devices are treated as
individuals so that the electrical characteristics of each can be clearly defined. A “Selector
Guide” in the front of this manual defines which devices should be selected to form a chip set
that meets the system designer’s performance specifications. If you should require performance
or functions not included in this manual, please contact your local VLSI Technology Design
Center or Sales office. All of the devices in this manual were designed with VLSI’s tools, and are
available for ASIC designs of custom derivative product.

This manual contains the advance information hardware description of each device. As soon as
the device characterization of all of the devices is complete, VLSI plans on publishing a definitive
data manual on these devices. Further, VLSI has also scheduled publication of a separate
Computer Products Applications Manual containing PC/AT-compatible system schematics and
other applications information to demonstrate a typical system implementation. Since computer
technology is extremely fast-moving, it is planned that VLSI’s Logic Products Division will revise,
update, and publish these manuals often. This will allow timely publication of data on new prod-
ucts, as well as improvements on existing ones. The most current information may also be
obtained from your local VLSI Technology, Inc., Sales Office, Representative, or the Logic Prod-
ucts Division in Tempe, Arizona.

Readers are encouraged to send their comments, corrections, or suggestions to:

Manager, Technical Communications
VLSI Technology, Inc.
8375 South River Parkway
Tempe, AZ 85284
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& VLSI TECHNOLOGY, INC.

INTRODUCTION

TOPCAT PC/AT-COMPATIBLE DATA MANUAL

DATA BOOK

This data book presents a preliminary
technical description of the VLSI
Technology, Inc., Logic Products
Division’s “TOPCAT” (Iwo/Ihree-chip
Optimized PC/AT-compatible) chip sets.
Two chip sets are presented in this
manual: the VL82C286 and VL82C386.
The VL82C286 is a two-chip set
designed to operate in 80286 or
80386SX microprocessor-based PC/
AT-compatible systems. The VL82C386
is a three-chip set designed to operate
in 80386DX microprocessor-based PC/
AT-compatible systems.

In order to facilitate desktop publishing
(DTP) computer generation of this data
book, overbars have been replaced by
a preceding minus sign on all data
sheets.

GENERAL

The primary business objective of VLSI
Technology, Inc., (VLSI) is to provide
systems designers with total applica-
tion-specific integrated circuit (ASIC)
solutions. To accomplish this, it has
created a unique blend of expert design
tools, leading-edge process technolo-
gies, state-of-the-art fabrication

facilities, and a wide range of products,
including a variety of “catalog” devices.

The Logic Products Division of VLSI
Technology is responsible for the
manufacture and marketing of a diverse
logic-based product line that encom-
passes both innovative and proven well
established catalog devices. This line
includes high-integration computer
product devices, microprocessors and
coprocessors, peripheral circuits, and
devices for related applications.

Unlike other suppliers of such devices,
however, VLS| is also a recognized
leader in ASICs. As such, it not only
possesses the design, process, and
fabrication capabilities necessary to
produce the highest-quality off-the-shelf
components, but is also able to treat its
logic products as an integral part of a
complete solution. One of the primary
vehicles for accomplishing this is the
megacell. The functions represented
by individual devices may be imple-
mented as megacells in VLSI's software
libraries and used for semi-custom
circuit design. Functions developed as
megacslls for specific applications can
be turned into catalog products.

MEGACELLS

The megacell is a relatively new
concept in the world of IC and system
design. As such ASIC companies as
VLS| offer better tools for IC design,
simulation, and testing, it becomes
necessary for systems manufacturers to
design custom ICs to keep up with their
competition. Megacells help decrease
design time by providing large building
blocks that are equivalents of standard
off-the-shelf products. By using
megacells and VLS!I's design tools,
manufacturers can have a custom IC
design capability without all of the
normal custom development costs.

The VLSI Technology family of
megacells represents commonly used
peripherals that are good candidates for
integration as parts of customer-driven
designs, which can be either customer-
specific or market-specific. In cus-
tomer-specific designs, it is possible, for
example, to combine these integration
elements with other megacells and logic
to become single-chip equivalents of
computer systems that are already in
production. This increased level of
integration provides cost and space
reduction that can keep the system

FIGURE 1. VLSI TECHNOLOGY MEGACELLS ARE OF A FIXED HEIGHT, WITH VARIABLE WIDTHS.
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INTRODUCTION

designs competitive. In a market-
specific design, upward-compatible
enhancements that meet the needs of
many customers can be added and the
device offered as a new standard
product.

VLSI's megacells are designed to have
a fixed height and variable widths,
offering the best trade-off between
unusable internal space and placement
ease. As shown in Figure 1, they can
be configured to make a very dense
final design with a minimum of wasted
silicon real estate.

Of equal importance with the physical
layout format of the cells is the structure
of the interconnect bus. This bus must
be generic enough to allow a wide
variety of functions to be connected
uniformly and efficiently, and must be
fast enough to not itself become a
limiting factor as system performance
increases.

The internal structure of the bus created
by VLSI for use with its megacells
contains an m-bit data bus and an n-bit
address bus, both of which are expand-
able in width to accommodate changes
in system requirements. The bus
operates synchronously at a rate of 3
million transfers a second, which is
equivalent to the performance of a 10
MHz 8086 or 12 MHz 68000 micropro-
cessor. The bus definition allows for
internal access times of 50 ns and cycle
times in the 200 ns range. With
standard pad drivers, external loads
can be driven while supporting a 3 MHz
bus frequency; faster speeds can be
obtained by using faster pad drivers.
To create a standard product from a
megacell, an interface circuit is incorpo-
rated that exactly matches the slower
timing of the external bus to the internal
bus.

MEGACELL-BASED DESIGN
RATIONALE

There are many reasons why megacells
make sense for new designs, including
reduced board space, lower power,
increased reliability and reduced design
times.

Typical applications that can benefit
from the use of megacells are those
that contain three or four LS| compo-
nents and a handful of “glue” compo-
nents. All of these components can be
combined into a single component if the

functions can be partitioned into logical
groups with a reasonable number of /O
pins. In this type of application, the
total pin count might be reduced from
300 pins for a discrete solution to less
than 100 pins, and the circuit board
area reduced from approximately 20
square inches to 2 square inches.

The power consumption of megacell
designs can be very small in compari-
son with the HMOS designs they
replace, since all of the VLSI Technol-
ogy megacell family is implemented in
high speed, low power, 2-micron and
1.5-micron CMOS technology. In
addition, because several functions can
be put on one piece of silicon, the
interconnect capacitance and induc-
tances are minimized, thereby reducing
the power to a fraction of what was
needed in previous designs.

The reliability of a megaceli-based
design is typically better than the
collection of discrete components it
replaces because there are fewer pins,
fewer bonding wires and lower total
power consumption. In most systems,
the largest contributor to reliability
problems is IC pin connections, with
such other factors as die temperature
and die size being secondary. The
more functional blocks that can be
combined on a single piece of silicon,
the fewer the number of interconnec-
tions that have to be bonded to pack-
age pins, resulting in higher overall
reliability of the component and system
using it.

Since megacells can be used as high
level building blocks, overall design
times can be reduced significantly by
taking existing designs using standard
products and integrating additional
support logic directly onto the chip. An
example of this technique would be the
integration of a VL68C45 CRT control-
ler with a memory interface and video
shift registers to form a single-chip
video adapter. An additional option
might be to include character ROMs or
RAM arrays, although the addition of
these commodity components is not
always cost effective.

CURRENT FAMILY OF MEGACELLS
Megacells are designed by very
carefully studying the data sheets and
systems implementations of the original
part vendors, but an important part of
validating a megacell design is to

subject it to many different hardware
and software environments. Only after
a part has been tested in several
applications can a vendor feel confident
that the megacell exactly emulates the
original function, including all of the
undocumented “features”. The VLSI
Technology philosophy is to offer
members of the megacell family as
standard products as well as cells so
that this validation can take place very
quickly after the introduction of the
standard product. Since customer-
specific design times typically take from
two to four months, megacell designs
can be started before the standard
product validation has been done. This
lead time allows customers to get a
head start introducing designs.

DESIGNING A CIRCUIT USING
MEGACELLS »

The design process is started by using
a megacell schematic “icon” as part of
the schematic entry of the user's
design. Provided with the megacell
icon is a data sheet detailing the
internal timing requirements of the
megacell. The designer works from this
data sheet as if using an off-the-shelf
standard product, except that the logic
and timing of the bus are somewhat
easier to use.

ADDITIONAL LOGIC FOR TEST
SIMPLIFICATION

In all cases, some additional logic will
be necessary to facilitate testing the
megacells. This additional logic
consists of multiplexers on pins to allow
all of the connections of the megacell to
be accessed from the periphery of the
circuit. This dictates that all designs be
contained in packages having at least
as many pins as the most pin-intensive
megacell used internally. To enable the
test mode, an illegal condition on the
interface is often used, such as Read
Strobe and Write Strobe being asserted
together while the chip is selected. This
would normally never occur in an
application, so it is a safe combination
to use. When enabled, the I/O pads of
a specific megacell are connected to
the I/O pins of the component, and the
standard product test program run to
verify the functionality of the core.

TEST PROGRAM DEVELOPMENT
Test vectors are provided for all
megacells with high fault coverage.
These test programs can be integrated

1-4
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with the rest of the chip’s test program
using VLSI vector. VLSI provides these
“canned” test programs with each
megacell so that it will not be necessary
to spend time trying to develop a test
for megacells used in the design.
These test programs ensure that the
megacells have been fabricated
correctly and are functioning within their
specifications. They are developed with
a focus on very high fault coverage.

In fact, there is no need to simulate
these test programs, except for a final
verification that the test isolation
circuitry has been properly connected.
Instead designers can devote additional
design verification time to the non-
megacell portions of the circuit and the
interfaces between the megacell and
the rest of the circuit.

COMPLETING THE DESIGN

When simulation is complete and the
design works satisfactorily, the layout
process can begin. In most cases,
designers are interested in minimizing
design time and associated costs, so
they pick standard cells for the addi-
tional blocks of logic that will surround
the megacell cores. Cells are individu-
ally compiled, placed and routed to
create blocks of logic until the entire

non-megacell portion of the design is
complete. For the best layout effi-
ciency, the additional logic is either put
into a block having the same height as
a megacsll, or it is put around the
megacells to fill in the voids. When
each portion of the design is completed,
these blocks can be placed and
interconnected using a tool called Chip
Compiler, which is an automated
arbitrary block place and route system.
This editor assists in interconnecting
blocks of cells and optimizing both the
placement and interconnection of cells.
The overall goal of placing blocks to
form the chip is to get the ratio of the X
and Y dimensions (the aspect ratio) as
close to 1:1 as possible. The resulting
square die gives the packaging
engineer the most flexibility in package
selection.

When the entire layout process is
complete, a netlist of interconnections is
extracted from the physical data base to
allow comparison of what was intended
to be with what actually was imple-
mented. Once the extraction is
complete and the netlist comparison
between schematic and layout is
successful, the device can be re-
simulated in software with more

accuracy, since values of expected
capacitance are extracted along with
the connectivity information. Finally,
the layout is checked for design rule
violations using the design rule checker
(DRC) program.

When all of this has been successfully
completed, the data base is sent to a
design center, where the actual
physical layout of the megacells is
included in the data base. When
everything checks out properly, a mask
set is created and silicon is started.
From this point, the fabrication time
typically takes eight weeks for the first
pass prototypes.

SUMMARY

Megacells offer a way to quickly design
chips that replace today’s board level
function, while at the same time offering
competitive costs, increased reliability,
increased performance and reduced
board space. The design process
requires a wide range of design tools,
including standard cells, csll compilers,
simulators, routers, test program
generators, and libraries of designs.
VLSI Technology, Inc., specializes in
offering these kinds of tools in addition
to complete wafer services to provide a
total solution to systems designers.
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& VLSI TECHNOLOGY, INC.
ORDERING AND PACKAGING INFORMATION

GENERAL

VLSI Technology, Inc., Logic Products devices are available in a variety of plastic packages - including flatpacks, chip carriers,
and pin grid arrays - and in different temperature ranges. Specific information on the packages and temperature ranges for
particular devices is coded into the part number portion of the order information included in each data sheet.

The information is organized as follows:

L 9999999 BB P T

Temperature Code
Corporate Code Package Code
"Logic" Products Speed Code (Optional)

Base Part Number

Package Codes: C - Sidebrazed Ceramic
F - Plastic Flatpack
G - Pin Grid Array
L - Leadless Ceramic Chip Carrier
P - Plastic Dual In-Line
Q - Plastic Leaded Chip Carrier

Temperature Codes: A - Automotive  (—40°C to +85°C)
C - Commercial (0°C to +70°C)
I - Industrial (refer to spec.)
M - Military (-55°C to +125°C)
For the TOPCAT:
VL82C286-SET 2 Chip Set Consisting of:
1 - VL82C320-FC System Controller/Data Buffer 160 PQFP
1 - VL82C331-FC ISA Bus Controller 160 PQFP
VL82C386-SET 3 Chip Set Consisting of:
1 - VL82C330-FC System Controller 128 PQFP
1-VL82C331-FC ISA Bus Controller 160 PQFP
1 - VL82C332-FC Data Buffer 128 PQFP
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SELECTOR GUIDE

VLSI'S 286/386SX CHIP SET
VL82C286-SET

VL82C320-FC VL82C331-FC |

FEATURES
» 100% 286™ Based MPUPC/AT-Compatible

« Optimized Two Chip Design and Packaging Solution for 286 or 386™SX Based Systems
« Up to 25 MHz System Clock Speeds

« "Sleep"” Modes Support Low-Power and Laptop Designs

Full LIM EMS 4.0® Specification over Entire 32 Mbyte Memory Map

Built-in Three-state Control for Board Level Testing

« Programmable DRAM and Slot Interface Drive Optimizes System for Actual Load Conditions

VLSI'S 386™ DX CHIP SET
VL82C386-SET

VL82C330-FC VL82C331-FC |

VL82C332-FC

FEATURES
100% 386DX Based MPU PC/AT-Compatible

Optimized Three Chip Design and Packaging Solution for 386DX Based Systems
Up to 33 MHz System Clock Speeds

"Sleep" Modes Support Low-power and Laptop Designs

Full LIM EMS 4.0 Specification over Entire 32 Mbyte Memory Map

Built-in Three-state Control for Board Level Testing

Programmable DRAM and Slot Interface Drive Optimizes System for Actual Load Conditions

286, 386SX, 386DX are trademarks of Intel Corporation.
LIM EMS 4.0 is a registered trademark of Lotus Development Corporation, Intel Corporation and Microsoft Corporation.
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INC. ADVANCE INFORMATION
VL82C286

TOPCAT 286™/386™SX CHIP SET

® VLSI TECHNOLOGY,

FEATURES

« Two chip PC/AT-compatible chip set
capable of use in 286- or 386SX-
based systems up to 256 MHz

« Both chips are 160 quad flatpacks,
1.0- and 1.5-micron CMOS

« Memory control of one to four banks
of 16 bit DRAM using 256K, 1M, or
4M components allowing 32M bytes
on system board

Page mode DRAM operation on any
number of banks

Two/four-way interleaving or direct
access on system board memory

Programmable option for block or
word interleave

.

ters

- Remap option allows logical reorder-
ing of system board DRAM banks

« System board refresh optionally
decoupled from slot bus refresh

Programmable DRAM timing parame-

Staggered refresh minimizes power
supply load variations

Built—~in "sleep” mode features,
including use of slow refresh DRAMS
in power critical operations

EMS hardware supports full LIM EMS
4.0% spec over entire 32M byte
memory map with backfill to 256K -
includes two sets of 36 mapping
registers each '

Shadow RAM support in 16K incre-
ments over entire 640K to 1M range

Support for 287™ or 387™SX nu-
merical coprocessors

Software coprocessor reset can be
disabled

Internal switching and programmable
CLK2 support for slow and “turbo”
modes

Programmable drive on DRAM and
slot bus interface signals allows direct
drive tailored to system size

Asynchronous or synchronous slot
bus operation with programmable bus
clock divider

Integrated peripheral functions:
Two 82C37A DMA controllers
Two 82C59A intérrupt controllers
One 82C54 timer

One 82C018 real time clock

‘Supports 8- or 16-bit wide BIOS
ROMs :

/O decode programmable for 10- or
16-bit addresses )

Separate parity generators/checkers
for high speed operation

Designed for systems with up to 12
MHz backplane operation

« Three-state control pins added for
board level testability

Compatible with Lotus® 1-2-3%
version 3.0 in 1M systems

OﬁDER INFORMATION

BLOCK DIAGRAM
<_| 32KHz OSC | . VL82C286/386SX Chip Set
-ROM8 —>1
2861386 > v a1 LA231 A17 - Part Number Package
|sL AE zaus KEYBD, SPKR -
NPX : , ~PARERRO! CONTROLLER SA19-SA0, SBHE 1-VL82C320-FC Plastic Flatpack
. INTFC _BHE BLEM € SLOTSTATCTRL > s 1-VL82C331-FC | Plastic Flatpack
<’ . >
80387SX A1-A?3>' " BUSCLK ('5 Note: Operating temperature range is
\ L [1ectemiz | T 0°C10+70°C.
A1-A23 7 osc > s
> >
80286/ [
” D0-D15
<€ XD7-XD0
~BHE,BLE/A e EEE—
> < ATACONTROL
< MA10-MAO,
= RAMw Svorem eSS0 >
A RAS3-AAS0 | CONTROLLER]  A20, TURBO, ‘
DRAM | = CAS7-CASO <FESET
< PARI-PARO __ ‘ﬂ
> 1 |l
) 0sC © 286, 386SX, 287, and 387SX are
bios _ROMCS |)s( Y YV trademarks of Intel Corporation.
< Ccom1 ! j
ROM 6/-SX —— 3 T :jcom Lotus and 1-2-3 are registered trade-
. [E—Smesh . E < LPT1 "5“.33,‘32,5 marks of Lotus Development Corp.
KEYBD
, KT ‘ LIM EMS 4.0 is a registered trade-mark
+8.BIT ROM IS ON XD BUS L of Lotus Development Corp., Intel Corp.

and Microsoft Corp.
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ADVANCE INFORMATION

VL82C386

FEATURES

« Three chip PC/AT-compatible chip set
capable of use in 386DX-based
systems up to 33 MHz -
VL82C330 System Controller,
VL82C331 ISA Bus Controller,
VL82C332 Data Buffer

» Two 128-pin and one 160-pin
(VL82C331) quad flatpacks, 1.0- and
1.5-micron CMOS

« Memory control of one to four banks
of 32-bit DRAM using 256K, 1M, or
4M components allowing 64 Mbytes
on system board

Page mode DRAM operation on any .
number of banks

Twof/four-way interleaving or direct
access on system board memory

Programmable option for block or
word interleave

Programmable DRAM timing parame-
ters

Remap option allows logical reorder-
ing of system board DRAM banks

System board refresh optionally de-
coupled from slot bus refresh

TOPCAT 386™DX CHIP SET

Staggered refresh minimizes power
supply load variations

Built-in "sleep” mode features,
including use of slow refresh DRAMS
in power critical operations

Hardware supports full LIM EMS 4.0%°
spec over entire 64-Mbyte memory
map

DMA expanded to allow transfers
over 64-Mbyte range

Shadow RAM support in 16K incre-
ments over entire 640K to 1M range

Support for 387™ DX and Weitek
3167 numerical coprocessors

Coprocessor software reset can be
disabled

Internal switching and programmable
CLK2 support for PC/AT-compatible
and “turbo” modes

Programmable drive reduces the
need for external buffering on DRAM
and slot bus interface signals

ISA Bus Control of 386DX-based
PC/AT-compatibles. Capable of
asynchronous or synchronous bus
operation to 16 MHz

Compatible with Lotus® 1-2-3%
version 3.0 in 1M systems

Integrated Peripheral Functions:

Two 82C37A DMA Controllers with
extended 74L.S612 Page Register

Two 82C59A Interrupt Controllers
One 82C54 Timer
One 82C018 Real Time Clock

Additional 64 bytes of battery backed
RAM in RTC provides for non-volatile
storage of VL.82C386 chip set con-
figuration data and user specific
information

Supports 8- or 16-bit wide BIOS
ROMs

Cache support for posted writes

System Memory on MD or D bus in
non-cached systems

Separate parity generation/checkers
for high speed operation

Internal I/O programmable for 10- or
16-bit decode

Three-state control pins added for
board level testability

RESCPU, NPXINT e [F55e
D P — ‘<——|ﬁ_|
3860X |  Aat, A29, A26-A2 I o A20, TURBO, RESET
< 1620330 [&==—=—
_BEa--BEO SYSTEM
CONTROLLER s
__ D31-D0 -ROMCS BUS L
0sc P
OTHER CASEK, LBE T
READY IN 12.318 OsC|( s
READY YA Mz 0SC
LOGIC A25-A2 BUSCLK
387DX > SLOTSTATCTRL | o
3167 COPROC INTF| VL82C331 LA23-LA17
o] JSABUS | *spia.5m0, SBHE
RASBK3- 2”JCONTROLLER o S
RASBKO ROMB_, KEYBD, SPK
o 2660-386 XD7-XD0 |>
—CAS15 - -CASO
BOARD v 32KHz -
DRAM | MA10-MAO > osc ‘ﬂ
 PAR3-PARD = wiv
< VL82C332
CAGHE DATA |20 Iy
CONTROL BUFFER x coMi ] vieacioe
MD15-MDO MD31-MDO T comz <] ComBoO
BIOS I > ELPTI =
ROM KYBD -
L SA1e880 ,: oo <
L

ORDER INFORMATION
VL82C386DX Chip Set

Part Number Package

1-VL82C330-FC | Plastic Flatpack

1-VL82C331-FC | Plastic Flatpack

1-VL82C332-FC | Plastic Flatpack

Note: Operating temperature range is
0°C to +70°C.

386DX and 387DX or trademarks of
Intel Corporation.

Lotus and 1-2-3 are registered trade-
marks of Lotus Development Corp.

LIM EMS 4.0 is a registered trade-mark
of Lotus Development Corp., Intel Corp.
and Microsoft Corp.
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ADVANGCE INFORMATION

VL82C320

DESCRIPTION

The VL82C320 contains the system
control and data buffering functions in a
160-lead quad flat pack.

The VL82C320's functions are highly
programmable via a set of internal con-
figuration registers. Defaults on resst
for the configuration registers allow the
system to boot at the CPU's rated
speed. However, operational capabili-
ties may be temporarily reduced until
the configuration registers are set to
mirror the true system configuration.
This normally is a function of BIOS
setup.

The VL82C320 is designed to perform
in systems running up to 25 MHz.
Built-in page mode operation, two- or
four-way interleaving, and fully pro-
grammable memory timing allow the
PC designer to maximize system per-
formance using commodity DRAMs.

SYSTEM CONTROLLER/DATA BUFFER

Programmable memory timing allows
the system to be setup to match the re-
quirements of the chosen DRAMs;
standard or custom.

The system controller handles system
board refresh directly and also controls
the timing of slot bus refresh which is
actually performed by the VL82C331
ISA Bus Controller. Refresh may be
performed in coupled or decoupled
mode. The former method is the
standard PC/AT®-compatible mode
where on- and off-board refreshes are
performed synchronously. In decoupled
mode, the timing of on- and off-board
refreshes is independent. Both may be
programmed for independent, slower
than normal rates. This allows use of
low power, slow refresh DRAMs. The
VL82C320 controls all timing in both
modes. In all cases, refreshes are

staggered to minimize power supply
loading and attendant noise on the VDD
and ground pins. In sleep mode, -CAS
before —RAS refresh may be switched
for maximum power savings.

The physical banks of DRAM can be
logically reordered through one of the
indexed configuration registers. This
DRAM remap option is useful in order
to map out bad DRAM banks allowing
continued use of a system until repairs
are convenient. |t also allows DRAM
bank combinations not in the supported
memory maps to be logically moved
into a supported configuration without
physically moving memory components.
This unique, programmable function
performs this task by switching the
internal -RASBK and CAS signals
between the external -RASBK and
CAS pins. This allows internal row and

BLOCKDIAGRAM
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ORDER INFORMATION

Part
Number Package

VL82C320-FC Plastic Flat Pack

Note: Operating temperature range is
0°C to +70°C.

PC/AT is a registered trademark of IBM
Corporation.
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column address strobes generated for
DRAM bank 0, for example, to be
routed to any one of the four on-board
DRAM banks.

The Intel 287™ numeric coprocessor is
supported when the VL82C320 is
strapped for 286™ mode. When
strapped for 386™SX mode, the
387™SX is supported. Support is for
both 8-bit wide and 16-bit wide system
BIOS ROM.

EEMS support is provided in hardware
for the complete LIM EMS 4.0® stan-
dard. Seventy-two mapping registers
provide a standard and an alternate set
of 36 registers each. The system
allows backfill down to 256K for EEMS
support and provides 24 mapping
registers covering this space. Twelve of
the 36 are page registers which cover
the EMS space from C0000h to
EFFFFh. These twelve registers can
alternatively be mapped in the AO0CO-
BFFFFh and D0000h-DFFFFh range by
changing a configuration bit in the
VL82C320. All registers are capable of
translating over the complete 32 Mbyte
range of on-board DRAM. Users

preferring an alternate plug-in EMS
solution, can disable the on-board EMS
system as well as system board DRAM,
as required, down to 256K.

Shadowing features are supported on
all 16K boundaries between 640K and
1M. Simultaneous EMS use, shadowed
ROM, and direct system board access
is possible in non-overlapping fashion
throughout this memory space. Control
over four access options is provided.

1. Access ROM or slot bus for reads
and writes.

2. Access system board DRAM for
reads and writes.

3. Access system board DRAM for
reads and slot bus for writes.

4., Shadow setup mode. Read ROM or
slot bus, write system board DRAM.

These controls are overridden by EMS

_in segments for which it is enabled.

The VL82C320 is used to program the
desired operational mode of the AT
bus. Based on this programming, it
provides the bus clock and signalling
interface to the Bus Controller. The bus

clock may be derived from the TCLK2
or bus OSC inputs. A programmable
divider conditions the selected BUSCLK
source providing divide by 1, 2, 3 or 4.

The VL82C320 also performs all of the
data buffering functions required for a
286- or 386SX-based PC/AT-compat-
ible system. Under the control of the
CPU, the data buffer chip routes data to
and from the CPU's D bus, XD bus, and
slots (SD bus). The parity is checked
for D bus DRAM read operations and
generated for D bus DRAM write
operations. The VL82C320 provides
the data conversion necessary for 16-
bit accesses to 8-bit devices on the XD
or SD buses. The data is latched for
synchronization with the CPU.

Under the control of DMA or a bus
master, the VL82C320 allows 8- or 16-
bit data to be routed to and from the XD
bus. The chip also is capable of
performing high to low and low to high
byte swaps on the SD bus. The chip
also provides the feature of a single
input, ~TRI, to disable all of its outputs
for board level testability.

DATA BUFFER FUNCTIONS BLOCK DIAGRAM
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286, 287, 386SX and 387SX are trademarks of Intel Corporation.

LIM EMS 4.0 is a registered trademark of Lotus Development Corp.,
Intel Corp. and Microsoft Corp.

4-4



VL82C320

ADVANCE INFORMATION

® VLSI TECHNOLOGY, INC.

PIN DIAGRAM

VL82C320

aaa
08
9as
sas
vas
SSA
€as
eas
1as
oas
SSA

ev

6lvV
8V
v
oy
Siv
v
13

¥y23292%222;5%
gnoooooooooooooonooooooooooooooooononoonn

W
IHE-

(ov) 31~
(0s-) H-M
(1s-)o-/a
oM
sav-

99 1 ~-BRDRAM
98 [ DMAHLDA
97 [ BUSCLK
96 1 -BLKA20
951 CHW-O
94 1 —CHS1/-MR
93 ] ~CHSO-MW
927 -EALE

91 ] -LATLO

90 {1 ~XDREAD
89 [ -SDSWAP
88 [1 SDLH/-HL

87 1 RSTDRV

83 1 DMAHRQ

116 [ SD11
115 [ vss
114 [ SD12
113 7 sD13
11277 sb14
111 [ SD1s
110 [ vDD
109 [ XDO
108 [] vss
107 [J XD1
106 [ XD2
105 [ XD3
104 ] XD4
103 [ XD5
102 ] XD6
101 [ XD7
100 [T -PARERROR
88 1 -low
851 -IOR
84 1 OUT1
82[7] vss
81[] vss

120 [ vss
119 [ SD8
118 [ SD9
117 [ sD10

g
®
TOP
VIEW

2329592 BSNBIBELBRBBcYBIBBEBBIRIANRRERRRRE

W
SRR EBIBBERYS

21
2

1
2
3
4
5
6
7
8

1 AQV3HHO~
1 m1-

[—1 XS986-1982
1 ou-

I ogunL
1 a1vooey
1 aaa

1 9sosna
1950

1 oroL
1 XdNASNE-
1 XdNHOHHI~
1 XdNO3HId
1 sodN-
1 ci1oml

—1 XdNSad
[ HS3H43H-
[—1 SOWOH-
1 oasvH-
] 1ENSVH-
1 zaNsvu-
7 eavsvH-
—1aaa
—10SVo—
—1ISvo-

1 SSA

] 2svo-
[—1esvo-

1 vSvo—
15Svo-

1 9svo-

1 £svo-

1 MAVH-
7 oV

—1 SSA

1 v

1 evN

[1 eV
[—1ssA
—1aaA

aooudot duuuuouoooogoouaoo

588388582882 2385842

88g

PAR1

CLK2
-SLP/MISS
HRQ ]
RESCPU [} 9
-BUSYCPU [ 10
D1s ] 12
D14 ] 13
D13 ] 14
D12 [ 15
D11 [ 16
D10 [ 17
D9 ] 18
vss [] 19
b8 [} 20

HLDA
-READYO

vDD
CLK2IN

~READYI
PEREQCPU [] 11

Note: Parenthesis indicate 286 pin functions.
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SIGNAL DESCRIPTIONS

Signal
Name

Pin

Number

Signal
Type

Signal
Description

CPU INTERFACE SIGNALS
132-154

A23-A1

-BHE
-BLE (A0)
W/-R (-S0)
D/~C (-S1)
MW-io
-ADS
CLK2IN
TCLK2

CLK2

-SLP/MISS

-READYO

—READYI

HLDA

HRQ

155

156

157

158

159

160

71

I-TPU
I-TPU
I-TPU
I-TPU
I-CMOS

I-CMOS

IT-OD

I-TTL

-TTL

Address bits 23 through 1 - When the CPU is bus master and HLDA is
active, these signals are driven by the Bus Controller.

Byte High Enable, active low - This signal is driven by the CPU or the Bus
Controller. It is used to select the upper byte of a 16-bit wide memory
location.

Byte Low Enable, active low, or A0 - In 386SX mode this signal is —-BLE, in
286 mode it is A0 and is driven by the CPU or the Bus Controller. It is
used to select the lower byte of a 16-bit wide memory location.

Write or active low Read enable, or SO - This is W/-R in 386SX mode or
—S0 in 286 mode. This signal is decoded with the remaining control
signals to indicate the type of bus cycle requested.

Data or active low Code enable, or S1 - D/-C is driven by the CPU in
386SX mode or —-S1 in 286 mode. This signal is decoded with the remain-
ing control signals to indicate the type of bus cycle requested.

Memory or active low /O enable - M/-IO is decoded with the remalnmg
control signals to indicate the type of bus cycle requested.

Address Strobe, active low - This signal is driven by the 386SX as an
indicator that the address and control signals are valid. It is used internally
to indicate that the address and command are valid and determine the
beginning of a bus cycle. This pin is a no connect in 286 mode.

This is the main clock input to the VL82C320 and it should be connected to
the CLK2 signal that is output by the VL82C320. This signal is used
internally to clock the VL82C320 logic.

This input is connected to a crystal oscillator whose frequency is equal to
two times the system frequency. The CMOS level is used to generate
CLK2 output and optionally, bus clock.

This output signal is CMOS level and generated from TCLK2 signal. It is
output to the CPU and other on-board logic for synchronization.

As a "power on reset" default, this signal is an output that is equal to
~SLEEP[7] « —~SLEEP[1]. When configuration register CTRL[0] = 1, this pin
becomes a MISS input for use with a future VLSI product.

Ready Out, active low - This signal is an indication that the current cycle is
complete. It is generated from the internal DRAM controller or the synchro-
nized version of -CHREADY for slot bus accesses. The culmination of
these ORed READY signals is sent to the CPU and is also connected to
the VL82C320's -READY!I input. This signal may be combined externally
with other READY sources.

Ready Input, active low - This signal indicates the current bus cycle is
complete.

Hold Acknowledge, active high - This signal is issued in response to the
HRQ driven by the VL82C320. When HLDA is active, the memory control
is generated from —CHS1/-MR and ~CHS0/~-MW.

Hold Request, active high - This signal indicates that a bus master, such
as a DMA or AT channel master, is requesting control of the bus. HRQ is
aresult of the DMAHRQ input or a coupled refresh cycle. It is synchro-
nized to CLK2 and internal clock.
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SIGNAL DESCRIPTIONS (Cont)

Signal Pin Signal Signal

Name Number Type Description

RESCPU 9 [0} Reset CPU, active high - This signal is issued in response to the control bit
for software reset located in the Port A, read from 10 port EFh, RC and
RSTDRYV inputs and in response to VL82C320's dstection of a shutdown
command. In all cases it is synchronized to CLK2 and internal clock.

-BUSYCPU 10 o Busy CPU, active low - The state of -BUSYNPX is always passed through
to —BUSYCPU indicating that the NPX is processing a command. On
occurrence of an ~ERRORNPX signal, it is latched and held active until
occurrence of a write to ports FOh, F1h, or RSTDRV.

PEREQCPU 11 (@] Processor Extension Request CPU, active high - An output signal gener-

ON-BOARD MEMORY SYSTEM INTERFACE SIGNALS

-RAMW

MA10-MAO

—RASBK3-

~RASBKO

~CAS7-
—CASO

-REFRESH

~-ROMCS

48 O-TTL
33-35, O-TTL
37-40,

43-45, 47

59-62 O-TTL
49-54, o

56, 57

64 IC-OD
63 o

ated in response to a PEREQNPX which is issued by the coprocessor to
the VL82C320. PEREQCPU is asserted on occurrence of -ERRORNPX
after -BUSYNPX has gone inactive. A write to FOh returns control of the
PEREQCPU signal to directly follow the PEREQNPX input.

RAM Write, active low - This signal is active during memory write cycles
and high at all other times.

Memory Addresses 10 through 0 - These address bits are the row and
and column addresses sent to on-board memory. They are buffered and
multiplexed versions of the CPU bus addresses.

Row Address Strobe, active low - These signals are sent to their
respective RAM banks to strobe in the row address during on-board
memory bus cycles. The active period for this signal is fully programmable.

Column Address, Strobe, active low - These signals are sent to their
respective RAM banks to strobe in the column address during on-board
memory bus cycles. There is a —CAS signal for upper and lower bytes of
each of the four 16-bit DRAM memory banks. The active period for this
signal is completely programmable. For clarity, alternate names may also
be used for these signals as shown in the following table where the digit in
the "Alternate Name" indicates the DRAM bank the signal drives, L indi-
cates it drives the low byte, and H indicates it drives the high byte.

Standard Name Alternate Name

-CASO —CASOL
—CASt —CASOH
-CAS2 —CAS1iL
—CAS3 —CAS1H
-CAS4 -CAS2L
—CAS5 -CAS2H
—CAS6 —CAS3L
-CAS7 —CAS3H

Refresh signal, active low - This output is used by the VL82C320 to initiate
an off-board DRAM refresh operation in coupled refresh mode. In de-
coupled mode, the Bus Controller drives refresh active to indicate to the
VL82C320 that it has decoded a refresh request command and is initiating
an off-board refresh cycle.

ROM Chip Select - This is the on-board system BIOS ROM chip select.

47
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SIGNAL DESCRIPTIONS (Cent.)

Signal Pin Signal Signal

Name Number Type Description

COPROCESSOR SIGNALS

PEREQNPX 68 I-TPD Coprocessor Extension Request NPX, active high - This input signal is

driven by the coprocessor and indicates that it needs transfer of data
operands to or from memory. For PC/AT-compatibility, this signal is also
gated with the internal ERROR/BUSY control logic before being output to
the CPU as PEREQCPU during NPX interrupts.

-ERRORNPX 69 I-TPU Error NPX, active low - An input signal from the coprocessor indicating
that an error has occurred in the previous instruction. This signal is
internally gated and latched with ~-BUSYNPX to produce IRQ13.

-BUSYNPX 70 I-TPU Busy NPX, active low - An input signal that is driven by the coprocessor to
indicate that it is currently executing a previous instruction and is not ready
to accept another. This signal is decoded internally to produce IRQ13 and
to control PEREQCPU.

RESNPX 65 (o] Reset NPX - This output is connected to the coprocessor reset input. It is
triggered through an internally generated system reset or via a write to
port F1h. In the case of a system reset, the RESCPU signal is also
activated. Write to port F1h only resets the coprocessor. A software
FINIT signal must occur after an F1h generated reset in a 386SX system,
otherwise, the 387SX is not initialized to the same state that a 287 is
placed in by a hardware reset alone. Optionally, the F1 reset may be
disabled by setting bit 6 of the MISCSET register to 1.

IRQ13 66 [e] Interrupt Request, active high - This output is driven to the Bus Controller
to indicate that an error has occurred within the coprocessor. This signal
is a decode of the -BUSYNPX and -ERRORNPX inputs.

-NPCS 67 (¢] Coprocessor Chip Select - Provides decoding of the 287 coprocessor's /O
space. This is the entire F8h to FFh region when Special Features are
disabled. When Special Features are enabled, only I/0 accesses to F8h,
FAh, FCh, and FEh cause —-NPCS to be active. This signal is a no
connect pin for 387SX operation, and reserved for future use in 386SX
systems.

BUS CONTROL SIGNALS

—CHREADY 80 I-CMOS Channel Ready, active low - An input issued by the Bus Controller as an
indication that the current channel bus cycle is complete. This signal is
synchronized internally then combined with READY signals from the
coprocessor and DRAM controller to form the final version of —-READYO
which is sent to the CPU.

—~CHS0/~-MW 93 I-CMOS Channel Select 0 or Memory Write, active low - This signal is a decode of
the CPU's bus control signals and is sent to the Bus Controller. When
combined with ~CHS1 and CHM/-IO and decoded, the bus cycle type is
defined for the Bus Controller. Activation of HLDA reverses this signal to
become an input from the Bus Controller. It is then a -MEMW signal for
the DMA or bus master to access system memory.

—-CHS1/-MR 94 I-CMOS Channel Select 1 or Memory Read, active low - This signal is a decode of
the CPU's bus control signals and is sent to the Bus Controller. When
combined with -CHS0 and CHM/~IO and decoded, the bus cycle type is
defined for the Bus Controller. Activation of HLDA reverses this signal to
become an input from the Bus Controller. It is then a —~MEMR signal for
the DMA or bus master to access system memory.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Description

Signal Pin Signal
Name Number Type
CHM/-10 95 (0}
-BLKA20 96 (o}
BUSOSC 73 I-TTL
BUSCLK 97 o
DMAHRQ 83 I-CMOS
DMAHLDA 98 (o}
-BRDRAM 99 . (¢]
-EALE 92 (¢]
OUT1 84 I-CMOS
PERIPHERAL INTERFACE SIGNALS
A20GATE 75 I-TTL
TURBO 76 I-TTL
-RC 77 I-TTL
BUS INTERFACE SIGNALS

osc 72 I-TTL
-IOR 85 I-TTL
-low 86 I-TTL
RSTDRV 87 I-TTL
SDLH/~-HL 88 I-TTL

Channel Memory I/0 - This signal is a decode of the CPU's bus control
signals and is sent to the Bus Controller. When combined with -CHSO and
CHS1 and decoded, the bus cycle type is defined for the Bus Controller.
Activation of HLDA reverses this signal to become an input from the Bus
Controller. It is then a—MEMR signal for the DMA or bus master to access
system memory.

Block A20, active low - An output driven to the Bus Controller to de-
activate address bit 20. It is a decode of the A20GATE signal and Port A
bit 1 indicating the dividing line of the 1 Mbyte memory boundary. Port A
bit 1 may be directly written or set by a read of I/O port EEh.

Bus Oscillator - This signal is supplied from an external oscillator. It is
supplied to the Bus Controller when the VL82C320's internal configuration
registers are set for asynchronous slot bus mode.

Bus Clock - This is the source clock used by the Bus Controller to drive the
slot bus. It is two times the AT bus clock (SYSCLK). It is a programmable
division from TCLK2 or BUSOSC.

DMA Hold Request, active high - This signal is an input sent by the Bus
Controller. It is internally synchronized by the VL82C320 before used to
generate HRQ.

DMA Hold Acknowledge - An output sent to the Bus Controller which indi-
cates that the current hold acknowledge is in response to DMAHRQ.

Board DRAM, active low - An output to indicate that on-board DRAM is
being addressed.

Early Address Latch Enable, active low - In 286 mode, this signal is
generated internally by decode of the CPU status signals. In 386SX mode,
the VL82C320's ~ADS input is gated directly to the —~EALE output.

Indicates a refresh request.

Address Bit 20 Enable - An input that is used internally along with Port A
bit 1 to determine if A20 is passed through or forced low. It also deter-
mines the state of -BLKA20.

Turbo, active high - This input to the VL82C320 determines the speed at
which the system board operates. It is internally ANDed with a software
settable latch. When high, operation is at full speed. When low, CLK2 is
divided by the value coded in configuration register MISCSET[4:3]. Turbo
mode is active only when all TURBO requests are active.

Reset Control, active low - The falling edge of this signal causes a
RESCPU signal.
Oscillator - This is the buffered input of the external 14.318 MHz oscillator.

1/0 Read, active low - Indicates that an I/O read cycle is occurring on the
bus.

I/O Write, active low - Indicates that an I/O write cycle is occurring on the
bus. :

Reset Drive, active high - This signal is used to reset internal logic and to
derive RESCPU, and RESNPX.

System Data Bus Low to High/High to Low Swap - This signal is used to
establish the direction of byte swaps.

4-9



w VLSI TECHNOLOGY, INC. . ADVANCE INFORMATION

VL82C320

SIGNAL DESCRIPTIONS (cont)

Signal Pin Signal Signal

Name Number Type Description

-SDSWAP 89 I-TTL System Data Bus Byte Swap Enable - This is the qualifying signal needed
for SDLH/-HL. ‘ )

—-XDREAD 90 I-TTL Peripheral Data Bus (XD Bus) Read - This signal determines the direction
of the XD bus data flow. When this signal is high, the XD Bus is output
enabled.

-LATLO 91 I-TTL SD Bus Low Byte Latch - This signal is needed to latch the SD bus low
byte or XD bus to the local data bus until the end of the bus cycle.

D15-DO 12-18, 20, IO-TTL CPU Data Bus - This is the data bus directly connected to the CPU. It is

22-29 also referred to as the local data bus.
SD15-SDo 111-114, I0-TTL System Data Bus - This bus connects directly to the slots. It is used to
116-119, transfer data to/from the slot bus.
_ 122-125, 127-130
XD7-XD0O 101-107, 1O-TTL Peripheral Data Bus - This bus is connected to the Bus Controller and the
109 VL82C320. It is used to transfer data to/from on-board 8-bit peripherals.

PAR1, PARO 21,30 I0-TTL Parity Bit Bytes 1 and 0 - These bits are written to memory along with their
corresponding bytes during memory write operations. During memory read
operations, these bits become inputs and are used along with their
respective data bytes to determine if a parity error has occurred.

-PARERROR 100 (o] Parity Error, active low - This signal is the result of a parity check on all
reads from on-board memory.

286/-386SX 78 I-TPU 286 or 386SX Mode - Tied high or left open for 286 mode and grounded for
use in 386SX based systems.

TEST MODE PIN

-TRI 79 I-TPU Three-state - This pin is used to drive all outputs to a high impedance
state. When —TRl is low, all outputs and bidirectional pins are high
impedance. )

POWER AND GROUND PINS

VDD 1,32, 41, PWR Power connection, nominally +5 volts. These pins should each have 0.1

58, 74, WF bypass capacitors.
110, 121
VSS 19, 31, 36, GND Ground connection, 0 volts.
42, 46, 55, 81,
82, 108, 115,
120, 126, 131
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SIGNAL TYPE LEGEND
Signal Code | Signal Type Signal Code | Signal Type
I-TTL TTL level input IC-OD Open drain output
I-TPD Input with 30k ohm pull-down resistor (o] CMOS or TTL output
I-TPU Input with 30k ohm pull-up resistor O-TTL CMOS output
I-TSPU Schmitt-trigger input with 30k ohm pull-up resistor O-TS Three-state output
I-CMOS CMOS level input GND Ground
IO-TTL TTL level input/ouput PWR Power
IT-OD TTL level input/open drain output

FUNCTIONAL DESCRIPTION
DETAILED SUBSYSTEM
SPECIFICATIONS

The sections that follow cover detailed
operational information for the various
logical groupings of VL82C320 subsys-
tems. In most of these sections, the
effect of configurable elements that can
be controlled via internal I/O registers is
discussed at length. Operation of the
indexed I/O registers is repeated in
summary form in the "Functional Sum-
mary of Indexed Registers" section.
However, some lesser configurable
functions are described only in that
section. Do not assume that the infor-
mation in that section is discussed
elsewhere.

CPU INTERFACE

The VL82C320 handles the top level
control interface between the synchro-
nous local and memory data bus and
the asynchronous slot data bus. It inter-
cepts the CPU’s bus status and address
signals, and decodes the bus access. It
then decides whether to handle the bus
request itself, or send it off to the
VL82C331 ISA Bus Controller.

Local Bus Accesses

The VL82C320 decodes the CPU bus
signals and addresses. If the decode
points to on-board memory, a bank
request is issued to the on-chip DRAM
controller. The DRAM controller then
delivers the appropriate signals to on-
board memory and returns a -READYO
signal. ~READYO may be combined
with READY signals from the coproces-
sor or other external devices on the D
bus to form the final -READY signal
driven to the CPU.

Slot Bus Accesses

The CPU makes slot bus accesses
when the VL82C320 decodes the CPU’s
control signals as either an 1/0 cycle,
INTA cycle or an off-board memory
access (the latter includes ROM
accesses). In this case, the VL82C320
latches and decodes the CPU’s control
signals and sends out bus cycle status
signals to the Bus Controller. The Bus
Controller handles control of the slot
transfer. The CPU is prevented from
executing another cycle until the slot
cycle is completed. During a slot cycle,
the —READY signal returned to the CPU
from the VL82C320 is delayed until the
Bus Controller notifies the VL82C320
that it has completed the data transfer
via—CHREADY.

Other CPU Interface

Bus arbitration is handled with the
VL82C320's DMAHRQ, DMAHLDA,
OUT1, HRQ, and HLDA signals. When
the VL82C320 receives an active
DMAHRQ (DMA hold request) from the
Bus Controller, it synchronizes the HRQ
(hold request) signal with the CPU clock
and relays it to the CPU. The CPU
responds with HLDA (hold acknowl-
edge) to the VL82C320 which then
delivers DMAHLDA to the Bus Control-
ler. When the system memory refresh
timer expires, HRQ is sent to the CPU
and HLDA is returned to indicate the
CPU has given up the bus for refresh
cycles.

Reset control is supplied by the
VL82C320. The VL82C320 contains
the PS/2-compatible Port A. It contains
a bit that can be set to cause a CPU
reset. A second /O address is provided
to perform the same function. The latter
option is supplied for Special Features

compatibility. These two controls are
combined with RC (reset control) input
and a RSTDRYV (reset drive) hard reset
to produce the synchronized RESCPU
(CPU reset) delivered to the CPU.
(Refer to the section "System Reset
Options" for details.)

Coprocessor interface is also supplied
by the VL82C320. If the system
contains a coprocessor, the interface
signals (-ERRORNPX, -BUSYNPX
and PEREQNPX) are sent from the
coprocessor to the VL82C320 and de-
coded to produce the proper interface
signals for the CPU. The same decode
determines activation of the RESNPX
output to the coprocessor. This
interface provides PC/AT-compatibility
for use with the 287 or 387SX.

BUS CONTROLLER/SYSTEM
CONTROLLER INTERCHIP
COMMUNICATION CHANNEL

The asynchronous interface to the Bus
Controller is handled by a group of
signals from the VL82C320. —~CHSO0,
—CHS1, and CHM/-IO define which
type of cycle is to be excuted as in the
table below.

CHM/-I0 | -CHS1 |-CHSO | Bus Cycle
0 0 0 |-INTA
0 0 1 -IOR
0 1 0 |-IOW
0 1 1 Reserved
1 0 0 |-REFRESH
1 0 1 -MEMR
1 1 0 [-MEMW
1 1 1 Reserved
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ISA Bus Clock Control
Data Port
EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
MISCSET FX F1 SD Slow Bus Bus
(14) Enable Ctrl Drive CLK2 Clock Mode
Divider Divider

The VL82C286 chip set is capable of
supporting AT slot bus operation
asynchronous with respect to the CPU
clock. Though the ISA Bus Controller
actually drives the slot bus, the
VL82C320 is programmed for the
specified mode and sources the
required clock to the ISA Bus Controller.
Whether in synchronous or asynchro-
nous modes, the VL82C320 synchro-
nizes the command interface between

itself and the ISA Bus Controller to
BUSCLK.

BUSCLK is the AT bus clock provided
to the ISA Bus Controller by the
VL82C320. It runs at twice the final AT
slot bus frequency. MISCSET, shown
above, is one of the indexed configura-
tion registers. The lower three bits
control sourcing of BUSCLK to the ISA
Bus Controller. Bit 0 sets synchronous
or asynchronous mode. When set to 1,

asynchronous mode is selected and the
BUSOSC input is routed to the pro-
grammable divider. When setto 0,
TCLK2 is output to the driver. Bits 1
and 2 of MISCSET provide for a pro-
grammable BUSCLK divider. Values of
bits 1 and 2 provide for division from
one to four. The programmable
BUSCLK divider must be set to provide
a BUSCLK of 2X the desired bus fre-
quency. When a 16 MHz external
oscillator is used, a +1 results in 8 MHz
bus operation. Power-on reset defaults
to +4, synchronous mode. See the
section "Functional Summary of
Indexed Registers" for more details.

Further programmability of bus timing is
afforded by the ISA Bus Controller.

DRAM SUBSYSTEM DESCRIPTION
The VL82C320 supports up to 32 Mbyte
of DRAM on the system board in four
16-bit banks. Each byte contains its
own parity bit for a total of 18 bits per
bank. A single bank can consist of
256K 1M or 4AM DRAMSs.

The parts used in multiple banks can
consist of all one DRAM type or
mixtures of any two types. It is not
possible to use all three types in a

single system simultaneously and not
all combinations of any two types are
supported.

The VL82C320 supports four banks by
providing four -RASBK signals and
eight —CAS signals. This allows direct
drive with no external buffering.

Several configuration registers internal
to the VL82C320 are used to control the
memory map, interleaving, DRAM

timing and page mode. These features
are discussed in the following sections.
Since interleaving requires pairs of
banks, various controls described next
act on memory in bank pairs. The short
hand notation Bank A is used when de-
scribing something that affects DRAM
banks 0 and 1 as a set. Similarly, Bank
B is used to describe DRAM banks 2
and 3 as a set.
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Memory Maps
Data Port
EDh (R/W) D7 D6 D5 Da D3 D2 D1 Do
RAMMAP (03) 1 1 1 DRAM Memory Map Code

The VL82C320 supports 26 memory TABLE 1. DRAM MEMORY MAPS SUPPORTED

maps. These maps are shown in Table

1. The table shows the DRAM combi- Bank 0 Bank 1 Bank2 | Bank3 | Memory MB RAMMAP (4-0)
nations tl]at are addressable in each of 256K 05 0
four 16-bit memory banks. The memory
column shows the total system memory 256K 256K (1.38)1.0 (1F")1
available in each memory map. The
RAMMAP (4-0) column indicates the 256K | 256K | 256K 15 2
hex value written in bits 4-0 of the 256K 256K 256K 256K 2.0 3
RAMMAP indexed configuration register -
in order 1o select each map. It should M (2.38) 2.0 (1E) 4
be noted that banks 0 through 3 in 256K 1M 25 5
Table 1 refer to the "logical" banks as
internally addressed by the VL82C320. 256K 256K iM 3.0 6
The actual system board memory banks Y] ™ 40 7
accessed by the internal signals may
differ depending on the value stored in 1M 1M 256K 4.5 8
indexed configuration register
RAMMOV. See the section "DRAM 256K | 256K ™ ™M 5.0 9
Remap Options" for more details. 1M 1M 1M 6.0 A
M M 1M iM 8.0 B
4M 8.0 (o}
256K 4M 8.5 D
256K 256K 4aM 9.0 E
M 4M 10.0 F
1M M 4M 12.0 10
4aM 4M 16.0 11
4M 4M 256K 16.5 12
256K 256K 4M 4M 17.0 13
4M 4M iM 18.0 14
M M 4M 4M 20.0 15
4M 4M 4M 24.0 16
4M 4M 4M 4M 32.0 17

*1Fh and 1Eh are special cases where the 384K of memory above 640K is mapped
as extended memory. EMS and shadow RAM are unavailable in these two modes.
Memory map 1h allows EMS and shadowing, but no extended memory. Memory
map Oh is the only case where there is no DRAM available for shadow, extended, or
expanded memory. Memory maps other than these four can support shadow, ex-
tended, and expanded memory.
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DRAM Remap Options

Data Port
EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

RAMMAP (04) 1 1 1 DRAM Memory Map Code

The RAMMARP register described in the
previous section shows 26 distinct TABLE 2. REMAP CONFIGURATION REGISTER CODE
memory maps that are available in a DRAM
TOPCAT based system. Those are RAMMOV Code Bank Mapping
actually logical memory maps. The
addition of the RAMMOV function D3 D2 D1 DO
provides 16 different ways to map the
logical maps into the four possible
physical DRAM banks. The combina-
tion of these two register functions
provides a large number of unique
ways to create a valid TOPCAT
memory map. This capability provides
two key features for the end user.

Easlier DRAM Memory Upgrades
The physical DRAM banks need not be
populated in the same order as would
normally be dictated by the RAMMAP
options alone. One example of when
this is useful is the case where a
system with one bank of 1M DRAMs is
upgraded by adding a second bank of
256K DRAMs. Without the RAMMOV 1
feature, it would be necessary to
remove the 1M DRAM bank and move - 1
it to physical bank 1 then put the 256K 1
DRAMs in physical bank 0. Using
RAMMOV allows the 1M DRAMs to be
left in place. The 256K DRAMs may be 1 1
placed in any of the three available
physical DRAM banks remaining. The 1 1 1
proper RAMMOV code is then pro- N
grammed so that the logical memory Example: Upgrading from one 1M DRAM bank to one 1M and one.256K bank.
map (RAMMAP=5h) is correctly routed RAMMAP-= 5 RAMMOV = 5 ‘
to the proper physical DRAM devices.

2 1 Physical DRAM Banks
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LOGICAL BANK O o|—>| BANKO - 1MDRAMS |
DRAM Error Recovery P

In case of a partial or total DRAM bank LOGICAL BANK 1 > ~
failure, the remaining functional DRAMs DRAM DRAM N I BANK 1 - 256K DRAMSI
can be switched into an alternate, valid MEMORY REMAP
logical memory map by reprogramming CONTROL | LOGICAL BANK2 | CONTROL'
RAMMOV and RAMMARP together. ~ -

~
Table 2 shows the sixteen logical to LOGICAL BANK 3 | \——>| BANK 3 = EMPTY |
physical mappings that are available.

:I;n ;he;tgzdr%wdﬁfetclz;; 3:3:} tIBeRrxla bers is shown the logical bank that is bank 0 are directed to physical bank 2.

BANK MAPPING" refer to the four mapped to the corresponding physical Accesses to logical bank 2 are directed
. ‘bank shown in the top row. to physical bank 1. Accesses to logical
physical DRAM memory banks. In the bank 1 are directed to physical bank 0.

>/ BANK2-EMPTY |

sixteen rows beneath, the code that As an example, consider RAMMOV

must be programmed into the RAM- code 0001b shown in Table 2. Note that when RAMMOV = 0000b, the
MOV register bits 4-0 is shown on the Accesses to logical bank 3 are directed default condition, the logical banks are
left side of the chart. On the right side to physical bank 3. Accesses to logical directed to the same physical bank

numbers.
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Page-Mode/Interleave Subsystem Overview

D4 D3 D2 D1 DO

Data Port
EDh (R/W) D7 D6 D5
RAMSET (05) | DRAM Drive | ESTART|

1 Page | Page | Bank | Bank
Mode | Mode A B
A B Int Int

In order to raise performance and de-
crease system cost, both page-mode
and interleave operation are available
on the system board DRAM. Interleave
options are selected by the program-
ming of the RAMSET and RAMMAP
configuration registers. Page mode is
enabled or disabled for each pair of
DRAM banks independently. When on,
it is active on all memory maps for the
enabled bank pairs. Interleaving
requires pairs of banks. Detailed
operation of each is given in the
following sections.

Interleave Operation

Two-way interleaving is automatically
enabled whenever both banks of a pair
are populated with like DRAM types. If
all four banks are populated with like
DRAMs, four-way interleaving automati-
cally occurs when both bank pairs are
programmed to interleave on the same
bit. If not, two-way interleaving occurs.
If the four banks are not populated with
like DRAMSs, two-way interleaving
occurs on pairs that are of the same
type. In a machine with three banks
populated, the first two banks two-way
interleave if they are of the same type.
The third does not interleave. Table 3
shows the automatic interleaving
options that occur versus the number of
populated banks. All combinations not
shown are unsupported. Table 3 also
shows that 0, 1, 2, and 3 are the desig-
nations for each of the four DRAM
banks. In the columns below these
designators, "Yes" or "No", indicate
whether the bank is populated. There is
no configuration register programmabil-
ity for enabling the interleave mode. All
interleaving options (none, two-way, or
four-way) occur automatically as the
result of the memory map programmed
into RAMMAP.

While the use of interleave is automatic
and not programmable via the configu-
ration registers, it is possible to select
which bit is used for interleaving.
Configuration register RAMSET bit 1
programs the Bank A interleave and bit
0 programs the Bank B interleave.
When set to 0, interleave occurs on bit
1. This is called "word interleaving".
When set to 1, interleave occurs on bit
10 regardless of DRAM types used.
This is called "block interleaving".
When all four DRAM banks are popu-
lated with like part types and bit 0 and
bit 1 are set differently, two-way
interleaving occurs. When they are the
same, four-way interleaving occurs.

Page-Mode Operation

Interleaving operates independently of
page mode. Once the desired inter-
leave bits are set, the remaining
interleave modes are automatically
selected by the programmed memory
map. Page-mode control is given by
two configuration register bits in the
RAMSET register. Bit3 = 1 enables
page-mode operation on DRAM banks
0 and 1. Bit 2 = 1 enables page-mode
operation on banks 2 and 3.

When activated for a bank pair, page
mode is active whether one bank or
both are populated. When four-way
interleaving is active it is possible to
have page mode active on either,
neither, or both DRAM bank pairs. This
does not impact the automatic interleav-
ing, though it impacts performance.

When pairs of banks are installed
interleaving is automatically enabled.
The combination of page mode with
interleaving results in the best possible
combination of fast system memory
operation using the most cost effective
DRAMs. When accesses interleaved
between banks occur, CAS precharging
of the next bank to be accessed occurs
while CAS is active on the current bank.
This has the effect of multiplying the
effective page size by the number of
banks being interleaved, thus increas-
ing the odds of page hit cycles.

Tables 4, 5, and 6 show how the CPU
address lines are used to accomplish
the interleave options possible with the
three supported DRAM types. The top
portion of each table shows the CPU
address lines that are strobed onto
MAO-MA10 by CAS, the column
address strobe. The middle portion of
each table shows the CPU address
lines strobed onto MAO-MA10 by
—RASBK, the row address strobe. The
bank select box shows the CPU
address bit(s) used for interleaving.
The bank enable decodes further
qualify whether the CPU address is in
the range of current memory map.

TABLE 3. AUTOMATIC INTERLEAVE VS. MEMORY MAP

Bank Bank
0 1 A Bank Address Mode 2 3 B Bank Address Mode
Yes [No | Linear No |No N/A
Yes | Yes | 2-Way Interleave No [No | N/A -
Yes | Yes | 2-Way Interleave Yes | No | Linear
Yes | Yes | 2-Way Interleave 0 and 1* | Yes | Yes | 2-Way Interleave 2 and 3*

*This is for the case where Banks A and B contain different types of DRAMs. For
memory maps 05h, 0Bh, and 17h, all four banks contain the same DRAM type and
four-way interleaving is used if both bank pairs interleave on the same bit.
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TABLE 4. 256K DRAM INTERLEAVE MAPPING
No 2-Way 4-Way Memory
Interleave Block Word | Block Word Address
3 3 3 3 3 0
4 4 4 4 4 1
5 5 5 5 5 2
Column 6 6 6 6 6 3
Address 7 7 7 7 7 4
8 8 8 8 8 5
9 9 9 9 9 6
1 1 10 1 10 7
2 2 2 2 11 8
- - - - - 9
- - - - - 10
18 18 18 18 18 0
17 17 17 17 17 1
16 16 16 16 16 2
Row 15 15 15 15 15 3
Address 14 14 14 14 14 4
13 13 13 13 13 5
12 12 12 12 12 6
11 1 11 20 20 7
10 19 19 19 19 8
- - - - - 9
- - - - - 10
Interleave - 10 1 10 1
Bits - - - 11 2
19
Bank 20 20 20 - -
Enable 21 21 21 21 21
Decodes 22 22 22 22 22
23 23 23 23 23
24* 24* 24* 24* 24*

* Address line 24 is generated internally by the EMS subsystem. Memory space above 16 Mbytes can only be accessed
through the EMS registers when the EMS subsystem is active.

Note: For the 256K options: CA[10]=A12 for RAMMAP=13; A11 for all others.
CA[9]=A11 for RAMMAP=9, 13; A10 for all others.
RA[10]=A22 for RAMMAP=D, E; A23 for all others.
RA[9]=A20 for RAMMAP=5, 6; A21 for all others.

4-16



& VLSI TECHNOLOGY, INC. ADVANCE INFORMATION

VL82C320
TABLE 5. 1M DRAM INTERLEAVE MAPPING
No 2-Way 4-Way Memory
Interleave Block Word Block Word Address
3 3 3 3 3 0
4 4 4 4 4 1
5 5 5 5 5 2
Column 6 6 6 6 6 3
Address 7 7 7 7 7 4
8 8 8 8 8 5
9 9 9 9 9 6
1 1 10 1 10 7
2 2 2 2 1 8
10 11 11 12 12 9
- - - - - 10
18 18 18 18 18 0
17 17 17 17 17 1
16 16 16 16 16 2
Row 15 15 15 15 15 3
Address 14 14 14 14 14 4
13 13 13 13 13 5
12 12 12 22 22 6
11 20 20 20 20 7
19 19 19 19 19 8
20 21 21 21 21 9
- - - - - 10
Interleave - 10 1 10 1
Bits - - - 1 2
21 - - - -
e | 2 |2 2| 2
Decodes 23 23 23 23 23
24* 24* 24* 24* 24*

* Address line 24 is generated internally by the EMS subsystem. Memory space above 16 Mbytes can only be accessed through
the EMS registers when the EMS subsystem is active.

Note: For 1 Megabyte options: CA[10]=A12 for RAMMAP=15; A11 for all others.
RA[10]=A22 for RAMMAP=F, 10; A23 for all others.
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TABLE 6. 4M DRAM INTERLEAVE MAPPING

No 2-Way 4-Way Memory
Interleave Block Word | Block Word Address

3 3 3 3 3 0
4 4 4 4 4 1
5 5 5 5 5 2

Column 6 6 6 6 6 3

Address 7 7 7 7 7 4
8 8 8 8 8 5
9 9 9 9 9 6
1 1 10 1 10 7
2 2 2 2 11 8
10 11 1 12 12 9
11 12 12 13 13 10
18 18 18 18 18 0
17 17 17 17 17 1
16 16 16 16 16 2

Row 15 15 15 15 15 3

Address 14 14 14 14 14 4
13 13 13 24* 24* 5
12 22 22 22 22 6
20 20 20 20 20 7
19 19 19 19 19 8
21 21 21 21 21 9
22 23 23 23 23 10

Interleave - 10 1 10 1

Bits - - - 11
23 24 24 - -

Bank 24* - - - -

Enable - - - - -

Decodes - - - - -

* Address line 24 is generated internally by the EMS subsystem. Memory space above 16 Mbytes can only be accessed through
the EMS registers when the EMS subsystem is active.
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Programmable Memory Timing

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

RASTMA (07) RAS | tRCD 1 tRP tRAS
ADDSEL

CASTMA (08) tCASW tCST tCP 1 tCASR

RASTMB (09) RAS | tRCD 1 tRP tRAS
ADDSEL

CASTMB (0A) tCASW tCsT tcpP 1 tCASR

System board memory timing for this
chip set is not specified in wait states.
Instead, each of the critical DRAM

. timing parameters is specified as a
number of programmable clock cycles.
This allows virtually unlimited flexibility
in matching DRAM specs to system
CPU speed. The number of wait states
for the system is whatever falls out of
the programmed parameters. Banks A
and B are programmed separately.
This allows a user who later adds
memory to maximize the speed
advantage of faster parts when these
chips are accessed. Conversely, a user
can add slower parts for a cost savings
without slowing down accesses to the
entire memory system.

Four configurations registers are used
to program the DRAM timing parame-
ters. RASTMA allows programming of
RAS ADDSEL delay, tRCD, tRP, and
tRAS parameters for banks 0 and 1.
RASTMB performs the same functions
for banks 2 and 3.

CASTMA allows programming of tCST,
tCP, tCASR, and tCASW for banks 0
and 1. CASTMB performs the same
functions for banks 2 and 3.

The section "Functional Summary of
Indexed Registers" discusses the range
programmability for each parameter.
Figures 2 and 3 show the relationship
between these programmable timing
signals for page and non-page-mode
operation.
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FIGURE 2. -RASBK/-CAS TIMING MODEL

SN | | — ] tRAS
1
—RASBKX 0

]
|
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FIGURE 3. —-CAS START TIME (tCST) TIMING MODEL

386SX |<—— tlortiP :}‘f t2 or 12P =I

286 }4 1S + c ~=
1 .
CLK2IN o
tCST = 0 1 2 3 + 4 4
1
—-CASX © \ \

Note: tCST applies to write cycles only and equals 3 or 4. During read cycles, CAS start time defaults to zero CLK2's for pipe-
lined or two CLK2's for non-pipelined SX or 286 mode. Iff ESTART bit in RAMSET register is programmed inactive (1),
then add one to start times just mentioned for reads only. This is the earliest time —CAS can start for read cycles. Actual
—CAS start time may be delayed due to —CAS pre-charge or -RASBK to —CAS delay time not yet met.

FIGURE 4. -RAS TO ADDSEL TIMING MODEL
1

CLK2IN ol—l—l——|___l_——|___r_—l__’_
o.s* 1 i

—RASBKX 0 \

MA o ROW X X COLUMN

Note: Address Select can be programmed to switch MA lines 1/2 CLK2 or one CLK2 cycle after -RASBK.
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FIGURE 5. NON-PAGE MODE, TWO-WAY INTERLEAVE, NON-PIPELINED
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This diagram pertains to 386SX-based systems only and shows a read and write cycle with on-board memory on the D bus.
Signals shown are for a two-way interleaved cycle to the first two banks (low byte) of system memory in non-pipelined mode. The
—RASBK, —CAS, and MA signals can be shaped and moved in time in increments of CLK2 by varying the programmable timing
values. RAMSET register bit 5 (ESTART) is active (0).
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FIGURE 6. PAGE MODE, PAGE HITS, PIPELINED, TWO-WAY INTERLEAVED
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This diagram pertains to 386SX-based systems only and shows read and write cycles for page mode, page hit operations. Two-
way interleaving is shown on the first two memory banks for a pipelined cycle. The -RASBK and —CAS signals can be shaped
and moved in time in increments of CLK2 by varying the programmable timing values. RAMSET register bit 5 (ESTART) is
programmed active (0).
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FIGURE 7. PAGE MODE ON (PAGE MISSES)
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This diagram pertains to 386SX-based systems only and shows a read and write cycle for page mode, page miss operations.
The —RASBK and —CAS signals can be shaped and moved in time in increments of CLK2 by varying the programmable timing
values. RAMSET register bit 5 (ESTART) is programmed active (0).
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Programmable Refresh Control

Data Port
EDh (R/W) D7 D6 D5

D4 D3 D2 D1 Do

REFCTL (06)| Decup

Slow Refresh
Divider-System Board 10

10/16 Slow Refresh

Divider-Slots

Power-up Defaults

The DRAM system resets to a default
state on power-up that allows any
configuration to run, although it is a less
than optimum state until BIOS or POST
configures the registers with desired
values. The defaults are:

» One bank of 256K DRAM

« Direct mapping from logical to
physical DRAM banks

» Page mode on

 Timing for 120 ns DRAMs in 25 MHz
systems

Hold Request Arbiter

The hold request arbiter is used to
select between the two possible
sources for a hold request to the CPU.
A hold request can be generated when
DMA Controller 2 in the Bus Controller
issues a hold request via the DMAHRQ
signal or when the output of counter 1
in the 8254 megacell of the Bus
Controller makes a low to high transi-
tion. This latter signal is the OUT1
signal from the Bus Controller to the
VL82C320.

At the end of a hold request from either
source, the arbiter checks to see if the
other source is still requesting a hold. If
it is, the arbiter will give an acknowl-
edge signal to that source and leave the
HRQ line active. This will continue as
long as one of the two sources is
requesting a hold. Only if neither
source is requesting a hold will the
arbiter negate the HRQ signal and
return control back to the CPU. The
acknowledge to the DMA is via the
VL82C320's DMAHLDA output. The
acknowledge signalling for refresh is

more complex due to the coupled and
decoupled refresh modes. In coupled
mode, an acknowledge occurs in the
form of an active signal on the
VL82C320's —-REFRESH pin. A com-
pletely different mechanism is used in
decoupled refresh mode. See the
sections on "refresh” for details.

System Board DRAM Refresh

The VL82C320 performs on-board
DRAM refresh and controls both on-
and off-board refresh timing in all
modes. Refresh may be performed in a
coupled mode or decoupled mode. In
coupled mode, refresh timing for both
system board and slot bus refreshes is
performed in a synchronous manner. In
decoupled mode, the VL82C320 has
complete control over the timing of on-
board DRAM refresh and and off-board
refresh but the timing of each is
independent.

When set to coupled refresh mode (D7
= 0), the VL82C320 refresh circuitry
controls system board refresh and slot
bus refresh in a synchronous manner.
In that mode, the division specified by
bits 2-0 applies to on- and off-board
refresh and bits 6-4 have no effect.
Only in decoupled mode (D7 = 1), do
the three bits 6-4 of the VL82C320's
REFCTL register apply. In decoupled
mode, the VL82C320 refreshes the on-
board DRAM independent of the Bus
Controller's refresh of the slot bus
resident memory. It uses the division
rate specified in those bits while the slot
bus refresh is performed at the rate
specified by the code in bits 2-0. Refer
to the section "Functional Summary of
Indexed Registers" for the range of
refresh division mapped to the three
bits 2-0 and the three bits 6-4.

Coupled Refresh Control

This is the PC/AT-compatible refresh
mode. If bits 2-0 of the REFCTL
register are set to their default value of
Oh, the15 psec, compatible timing is
used. Other valid values, as specified
in the section "Functional Summary of
Indexed Registers," cause the refresh
to occur at a slower rate in support of
newer, low power, slow refresh DRAMs.
These slower rates are all divisions of
the normal 15 psec timer provided by
the Bus Controller on pin OUTH.

In sleep mode, —CAS before ~RAS
refresh may be used for on-board
memory. This significantly reduces
power requirements. The DRAMs
generate their own refresh addresses
internally. Therefore, the VL82C320 is
not required to drive the memory
address bus during refresh. When not
in sleep mode, —RAS only refresh mode
is used.

Decoupled Refresh Control
Decoupled refresh mode provides
advantages to the user. It allows
system board memory and slot memory
to be refreshed at different rates. This
is useful if slow refresh DRAMs are
used in one location and not the other.
System board refreshes are performed
during slot bus cycles. Therefore, it is
not necessary to add refresh cycles and
their attendant overhead. Similarly,
when the VL82C320 instructs the Bus
Controller to perform a slot bus refresh,
it can then allow the CPU to continue
execution. Only if the CPU requires a
slot bus access during this time, will
refresh overhead occur.
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SLTPTR - Critical Memory Control Element

Data Port
EDh (R/W) D7 D6 D5

D4 D3 D2 D1 DO

SLTPTR A23 A22 | A21

A20 A19 | A18 A17 | A16

SLTPTR is a pointer to a 64K memory
boundary between 256K and 16M.
Eight bits are required to specify this
range. They are used to compare to
address lines A16-A23. SLTPTR sets
the 64K boundary above which CPU
addresses are directed to the AT slot
bus. Any system board memory from 1
Mbyte up to SLTPTR is accessible as
on-board extended memory. From
SLTPTR up to 16 Mbytes, slot bus
DRAM extended memory resides.

When the on-board EMS backfill
system is disabled, SLTPTR can also
be set below 1 Mbyte. At least one
bank of 256K RAMs must be on the
system board on reset for a physical

memory size of 512K. The minimum
valid value for SLTPTR is 04h to allow
slot memory cards, especially EEMS
capable boards, to backfill down to
256K. This capability is provided for
any users who prefer to not use the
built-in EEMS system. Any value be-
tween 04h and 09h makes the portion
of system board DRAM from that
address to AOOOOH inaccessible when
the on-board EMS system is inactive.
The set of usable values for SLTPTR is
04h to FDh. A value of FEh or FFh
results in no off-board accesses since
CPU accesses in the FEO000h and
FF0000h segments always result in
ROM chip selects. Any out of range
value is treated the same as FFh.

Exceptions to the above are SLTPTR
values 000Ah through 000Fh whose
access is determined by the configura-
tion of indexed registers AAXS, BAXS,
CAXS, DAXS, EAXS, and FAXS
described in the "EMS Subsystem” sec-
tions. Therefore, setting SLTPTR
between 0Ah and OFh is treated the
same as if the value were 10h. Default
= FFh. Also see the description of the
additional memory control feature
provided by CTRL1 bits 7-6.

Note: The slot pointer must point to 1M
or higher (210h) if use of the EMS
backfill registers is required. Pointing
SLTPTR below 640K and using the
backfill registers is incompatible.
Therefore, any time the SLTPTR is set
between 00h and 09h the EMS backfill
register enable bit in configuration
register EMSENT1 is cleared. A smart
BIOS setup routine does not allow this
condition in actual operation.

TABLE 7. SLTPTR WITH EMS SYSTEM ENABLED

Slot Pointer

Location Effect

256K-640K EMS backfill register automatically disabled. EMS page registers
remain operational.
CPU addresses 0 to SLTPTR are on-board DOS memory accesses.
CPU addresses SLTPTR to 16M are slot memory accesses.
On-board memory > SLTPTR = EMS /Shadow memory.

gggﬁgﬂoth Respond as if SLTPTR = 0010h. (See next case.)

1M-16M CPU addresses 0 to 640K is system board DOS memory if backfill

0010h-0100h | is not enabled, otherwise, CPU addresses 0 to 256K is system

board memory.

accesses.

CPU addresses 1M to SLTPTR are system board extended memory

memory.

CPU addresses from SLTPTR to 16M accesses slot bus extended

enabled.

EMS translation accesses system board RAM from SLTPTR to RAM
top. Also system board RAM from 256K to 640K if backfill EMS is

Note: Table 7 does not mention what
occurs for accesses between
A0000h and FFFFFh. When
EMS is off, the result of CPU
accesses to this memory
region is determined solely by
configuration of registers
AAXS, BAXS, CAXS, DAXS,
EAXS, and FAXS. When the
EMS system is enabled, the
active EMS registers between
CXXXXh and EXXXXh
override the settings in any
areas that overlap the configu-
rations in CAXS, DAXS, and
EAXS. CPU addresses that
fall in the realm of EMS
register control are not directly
passed to the slots or the
system board. The addresses
are translated and access
reserved areas of system
board DRAM above SLTPTR
or unused areas below 1
Mbyte. Table 8 summarizes
the rules that are followed for
all cases.
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EMS Subsystem

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO
EMS BF EMS

EMSEN1 Enable | Enable Reserved MAP B/EC000| BE/8000|B/E4000 |B/E0000

EMSEN2 |DCO000 | D8000 | D4000 |D000O |A/CCO000}A/C8000{A/C4000{A/C0000

The EMS system consists of 72 map-
ping registers. They are split into a
standard and alternate set of 36
registers each. The VL82C286 chip set
supports the full LIM EMS 4.0 specifica-
tion with any of the valid memory maps
of 1 Mbyte and higher. The alternate
register set allows rapid hardware
context switching. Note that the
VL82C286 chip set is capable of
translating addresses via the EMS
registers over the entire 32 Mbyte range
of possible system board memory.

The EMS system is split into two parts,
the 12 EMS page registers which cover
the range from CO000h to EFFFFh and
the 24 backfill registers that cover
40000h to SFFFFh. Bit D7 of configura-
tion register EMSEN1 is a global enable
for the EMS page registers. Each of the
12 registers can then be individually
disabled if there are system address
conflicts. Bits 0 through 7 of EMSEN2
and bits 0 through 3 of EMSEN1 provide
this function. The 24 EMS backfill
registers are enabled by setting bit 6 of
EMSENT1. These registers are all
enabled or all disabled. No individual
control is provided. I a full LIM EMS
4.0 system is desired, both bits 6 and 7

of EMSEN1 are set as are the desired
EMS page register enable bits. Note
that when EMS enable, bit 7 = 0, the
state of BF enable, bit 6, has no effect
on the system.

The normal EMS page register mapping
to C0000h-EFFFFh can be altered by
changing EMSENT bit 4 from O to 1. In
this case, the 12 page registers map to
AXXXXh, DXXXXh and BXXXXh in that
order. In this case, EMSEN1 bits 3
through 0 work to enable or disable the
BXXXXh registers rather than the
EXXXXh registers. Similarly, EMSEN2
bits 3 through 0 work to enable or
disable the AXXXXh registers rather
than the CXXXXh registers.

When the backfill EMS registers are not
used, the EMS driver allocates all
memory above SLTPTR for EMS page
memory. lt also can use the system
board memory at the same addresses
as the enabled EMS page registers and
any other 16K segments in the AO00Oh
to BC0O0Oh and FO000h to FCO00h
areas for which the shadow code is 00b
as set in configuration registers AAXS,
BAXS, and FAXS. When the backfill
registers are active, EMS pages can

also be allocated for all system board
memory from 40000h to 9FFFFh.
There is no wasted DRAM in a
VL82C286-based system. All memory
not allocated for other purposes can be
used as expanded memory.

The SLTPTR has critical effects on the
EMS system. Only one effect is
hardware related. When SLTPTR is set
to a value from 0004h to 0009h, bit 6 of
EMSENT1 is cleared. This disables the
EMS backfill registers. Placement of
SLTPTR is otherwise used by the EMS
driver to determine the area of memory
that can be allocated for use as EMS
pages. Table 7 summarizes the effect
of SLTPTR on the EMS system.

The EMS driver also interacts with the
shadow control system through
configuration registers AAXS through
FAXS. Any enabled EMS page
registers override the shadow control in
their respective 16 Kbyte ranges.
System board memory at the same
address range as the EMS page
registers can be allocated to the EMS
memory pool by the EMS driver
software. In addition, other non-EMS
16K segments can be allocated to the
pool if they are not shadowed or
otherwise in use. This is determined by
the two shadow control bits for a
specific segment. When the bits are
00b, the system board memory may be
allocated to the pool. Table 8 summa-
rizes the interaction between EMS and
shadow control.
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TABLE 8. INTERACTION BETWEEN EMS AND SHADOW CONTROL

EMS Enable EMS Page
(Bit7) Enable Shadow Control Effect
0 Don't Care 0 0 R/W slot bus or ROM chip selects.
1 0 Read system board or write slot (shadow).
1 1 R/W system board.
0 1 Read slot or ROM chip selects, write system board.
1 0 (Note 1) 0 0 CPU accessss slots, EMS may access on-board DRAM.
1 0 Shadowed, EMS does not use.
1 1 Used by other resource, EMS driver does not allocate.
0 1 Setup mode active. EMS driver does not allocate (Note 2).
1 1 (Note 3) X X EMS overrides use of this area.
CPU accesses translated by EMS. System board DRAM
used by EMS system for EMS memory pages.

Note 1: This case not only applies to the areas from C0000h to EFFFFh for which the EMS enable bit is turned off, but also to
the A00OOh to BFFFFh and FO000h to FFFFFh areas of memory. This information is supplied for use by the EMS driver
code developers. Hardware operation in this mode is the same as the first case listed in Table 7.

Note 2: When an EMS driver is installed, this case should not exist. A shadow setup routine uses this code. It then changes it
to 10b to enable the shadow feature. However, if an EMS driver sees this code, it may allocate the system board DRAM
in this area.

Note 3: In the areas where active EMS registers reside in the CXXXXh to EXXXXh area, the control bits are overridden. Any l
CPU accesses to this memory space are translated and the system board memory at these addresses is allocated to the
EMS page memory pool.
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TABLE 9. EMS INDEX REGISTER AND DATA PORT MAP
ES8h
Index Port D7 D6 D5 D4 D3 D2 D1 DO

Set# |Autodinc] A5 | A4 | A3 | A2 | A1 | A0

0=Std | 0=Off

1=Al 1=0n
Data | Page Data Port EBh Data Port EAh
Port | Segment| D15| D14| D13| D12| D11 | D10 D9 |D8 | D7 | D6 { D5 [ D4 | D3 | D2 | D1 | DO
0 CO/A0 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
1 C4/A4 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14
2 C8/A8 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
3 CC/AC 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
4 D0000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
5 D4000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14
6 D8000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A4
7 DC000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
8 E0/BO 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
9 E4/B4 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
A E8/B8 1 1 1 1 1 | A24 | A23 |A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14
B EC/B8 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A4
C 40000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
D 44000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
E 48000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14
F 4C000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 {A19 | A18 | A17 | A16 | A15 | A14
10 50000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
1 54000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
12 58000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
13 5C000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
14 60000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
15 64000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
16 68000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A14
17 6C000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
18 70000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
19 74000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
1A 78000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 |A14
1B 7C000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A14
1C 80000 1 1 1 1 1 |A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A14
1D 84000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
1E 88000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A14
1F 8C000 1 1 1 1 1 A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 | A16 | A15 | A14
20 90000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14
21 94000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A4
22 98000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14
23 9C000 1 1 1 1 1 | A24 | A23 | A22 | A21 | A20 |A19 | A18 | A17 |A16 | A15 | A14

Note: A 1 indicates reserved bits that read back as logic 1.
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Table 9 shows a programmer's model
of the register set. Registers Oh to Bh
are called the EMS page registers.
Registers Ch to 23h are the backfill
registers. The register set is accessed
by writing a command byte to the index
register located at I/O address E8h.
Bits DO through D5 contain the address
of the desired EMS register from 0 to
35. Setting bit D6 to a 1 activates auto-
increment. This feature is described in
detail below. Bit D7 contains the
desired register set to be accessed; the
standard or the alternate set. /O port
addresses EAh and EBh then provide a
window into the page register specified
in the index register. Address EAh
allows access to A14-A21. EBh allows
access to A22-A24. Sixteen-bit I/O
reads and writes can be used to gain
access to A14-A24 in one operation via
address EAh.

After initial accesses to port addresses
at EAh and EBh, subsequent accesses
are to the same page segment register
until a new register number is written to

the lower six bits of the index port at
port address E8h or unless bit D6 of the
index port was previously set to a logic
1. In this case, any access to port
address EBh increments the page
register number. (This new value is
seen by a read to the index register port
E8h.) The next read or write is to the
next sequential page register. This
feature allows the entire register set to
be changed with a single access to the
index register with either byte or word
I/O access. For byte accesses, the
lower byte at port address EAh must be
written first. The access to the upper
byte at EBh causes an auto-increment.
Since all word accesses are made to
port EAh, each one causes an auto-
increment. This is due to the fact that
the chip set actually breaks the word
into two byte chunks, writing EAh
followed by EBh.

The auto-increment feature speeds the
already fast hardware driven context
switching capability by minimizing the
number of software instructions and,

therefore, machine cycles required to
read and save one context of the EMS
registers, then retrieve and write
another.

Configuration Enable/Disable

Ports OFSh and OFBh control access to
the configuration registers. A write to
OFBh enables access. A write to OFSh
disables access. Since the EMS driver
does not know the state of this feature
when it wishes to access the configura-
tion registers it writes OFBh first, then
writes OF9h after its accesses are
complete. This applies to all VL82C320
configuration and control registers and
also to all EMS page registers dis-
cussed in this document. All such
registers are mapped between 1/O
addresses E8h and EFh. This aids in
preventing someone other than the
EMS driver from inadvertently changing
the EMS registers. More infomation on
this feature is available in the "Dedi-
cated Internal Control Registers"
section.

Shadow RAM Ssubsystem

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
AAXS ACO000 Access| AB000 Access | A4000 Access | A0000 Access
BAXS BC000 Access| B8000 Access | B4000 Access | B0000 Access
CAXS CCO000 Access| C8000 Access | C4000 Access | C0000 Access
DAXS DCO000 Access| D8000 Access | D4000 Access | D0O000 Access
EAXS ECO000 Access| E8000 Access | E4000 Access | E0000 Access
FAXS FC000 Access | F8000 Access | F4000 Access | F0000 Access

Six indexed configuration registers are
provided to give complete control over
each of the 64K memory segments
between 640K and 1M. The registers
are called AAXS, BAXS, CAXS, DAXS,
EAXS, and FAXS. Each register
contains two bits for each 16K para-
graph in the 64K segment controlled by
that register. Refer to the section
"Functional Summary of Indexed
Registers" for more details.

The four modes provided are:

1. Normal PC/AT-compatible operation.

This is R/W slot bus or ROM chip
select depending on the memory
space.

2. R/W system board DRAM. This
allows complete access to DRAM in
the given 16 Kbyte region.

3. Read-only DRAM. This is the
normal shadow operational mode

though it could be used to protect
data previously written to a memory
area while configured for mode 2. In
this mode, writes are directed to the
slot bus.

4. Shadow setup mode. In the E000
and FOOO segments, reads cause
on-board ROM chip selects and
writes to the same address are to
system board DRAM. In the seg-
ments A0OO to DOOO reads are from
the slot bus and writes are to the
system board DRAM. This allows
shadowing of system board ROM as
well as ROMs on a slot card.

5. Shadow RAM areas are only
accessible from the CPU, not from
DMAS or Masters.
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NUMERICAL PROCESSOR
INTERFACE
The VL82C320 supports either the Intel
287 or 387SX numeric coprocessors
(NPX) for use in high performance
floating point math applications. Ina
286-based system, only the 287 may be
" used. Similarly, a 386SX-based system
requires a 387SX coprocessor. It is not
possible to mix CPUs and coproces-
sors.

The VL82C320 contains several
dedicated pins in order to provide the
interface between the NPX and CPU.
The following sections describe the
interface logic broken into several parts.

System Reset Logic

System reset is an internally generated
signal caused by a reset signal to the
VL82C320 (RSTDRV), usually in re-
sponse to the POWERGOOD signal.
This signal initiates a reset to the CPU
and to the NPX.

CPU-only Reset Logic

A CPU reset without a coprocessor
reset can occur for one of two reasons.
The first is usually done in order to
switch from real to protected mode.
The signal which causes it is shown as
"Hot" reset. It is triggered by setting bit
0 of I/O port 92h to a 1, by a read of /O
port EFh, or by receipt of an external
—RC signal. The latter signal causes a
CPU-only reset as soon as received.
There is a 6.72 pusec delay between the
occurrence of either of the first two
events and activation of the RESCPU
signal.

Internal detection of a shutdown
command from the CPU also triggers a
CPU-only reset.

In both of the above cases, reset is also
synchronized to CLK2 and lasts for 16
CLK2 cycles.

NPX-only Reset Logic

For PC/AT-compatibility, NPX-only
reset is provided via a I/O write to F1h.
This action provides a reset to the NPX
synchronized to CLK2 of 80 CLK2
cycles duration. -READYO does not go
active after the write to F1h for 80 CLK2
cycles after the falling edge of
RESNPX. There may be incompatibility
with some software due to the fact that
a hardware reset does not put a 387SX
into the same internal state as does a
reset of the 287. For this reason, the
F1h reset function may be disabled by
setting configuration register
MISCSET[6] = 1.

Error/Interrupt Logic

For PC/AT-compatibility, -ERRORNPX
active generates interrupt 13. It also
latches -BUSYCPU active. This later
action is required in order to prevent
the CPU from attempting to use the
coprocessor until the error handling
interrupt routine is executed. The
interrupt handler clears the latched
~BUSYCPU by performing a write to /O
port FOh.

Busy Logic

The —-BUSYCPU signal can be pro-
duced from three sources. It always
occurs in response to the -BUSYNPX
input. It also occurs as latched by the
-ERRORNPX signal as previously
described. Busy test logic is invoked
only on system reset. At this time the
386SX self-test mode is triggered. This
adds 33 ms at 16 MHz and 21 ms at 25
MHz to the CPU reset time. At the end
of the self-test the BIOS can read the
CPU self-test result register and
perform whatever function is desired on
failure. Note that when a CPU-only
reset is invoked, this self-test is not
performed. Therefore, "Hot" resets are
performed as fast as possible.

PEREQ Logic

The PEREQNPX signal is always
passed directly to the PEREQCPU pin.

In addition, PEREQCPU is driven and
held active as soon as -BUSYNPX
goes inactive after occurrence of an
active -ERRORNPX signal. The
PEREQCPU signal returns to following
the PEREQNPX signal after a write to
1/O port FOh is performed by the NPX
interrupt 13 service routine.

CPU Ready Control

On reads or writes to the 387SX, the
VL82C320 automatically asserts
~READYO after one wait state time-out
unless the —READYI line to the
VL82C320 is asserted. This prevents a
system hang when a coprocessor is not
present.

DEDICATED INTERNAL CONTROL
REGISTERS

All Special Features (SF) decodes are
between E8h and FFh as shown in
Table 10. While the IBM Technical
Reference Manual considers F8h to
FFh reserved for coprocessor use, only
F8h, FAh, FCh, and FEh are actually
used. SF sandwiches some registers in
this region. The recommended method
is to decode the F8h to FFh range then
AND with address bit —A0. This
properly maps only the even addresses
in this range to the coprocessor. /0
ports FOh and F1h are fully decoded
due to the presence of other ports at
F4h and F5h. It is possible to disable
the SF functions mapped in the FXh
range if they conflict with a specific
design implementation. This feature is
described later in this specification.

Note: The dedicated 1/O registers at
E8h, EAh, and E9h are described
separately in the "EMS Subsystem"
section. The dedicated I/O registers at
ECh and EDh are described in the
"Functional Summary of Indexed
Registers” section.
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TABLE 10. DEDICATED I/O

CONTROL REGISTERS
Port
Address | Function

EMS Register Set (/0 Address E9h)

ESh D7 D6 D5

D4 D3 D2 D1 Do

EMS Register Set X X X

X X X X X

E8h EMS Index Register

ESh EMS Active Set

EAh EMS Data Port Low Byte

EBh EMS Data Port High Byte

ECh Configuration Index Register

EDh Configuration Data Port

EEh Fast A20*

EFh Fast Reset"

Foh Coprocessor Busy Clear

Fih Coprocessor Reset

A read of this address returns FFh. A
read of this register activates the
standard EMS register set. A write
activates the alternate EMS register set.
Neither of these actions has any effect if
the EMS subsystem has not been
enabled by setting the EMS enable bits
in the EMSEN registers described in the
"EMS Subsystem" and "Functional
Summary of Indexed Registers"
sections. Default on reset is the stan-
dard register set.

Note that this function has no relation-
ship and is totally independent of the
control afforded by bit 7 of register E8h.
Bit 7 controls which register set is
selected for updates to the base
addresses for the EMS translation. It is
possible to select and update either the
standard or alternate EMS register set
independent of which set is currently
active.

F4h Slow CPU**

Fsh Fast CPU**

Fast A20 (I/0 Address EEh or 92h)

Feh Coprocessor EEh D7 D6 D5 D4 D3 D2 D1 Do
Foh Configuration Disable** Fast A20 X X X X X X X X
FAh Coprocessor

FBh Configuration Enable** 92h D7 Dé DS D4 D3 D2 D1 DO
FCh Coprocessor Port A 1 1 1 1 1 1 CTRL| Reset
FEh Coprocessor

*Also can be activated through port 92h
for PS/2-compatibility.

**These decodes can be disabled in
case of conflict.

Note: All /O accesses to the above
registers must be byte size
except the EMS data port at
EAh and EBh which may be
either byte or word operations.

A read of /O port EEh enables Fast
A20 and returns a value of FFh. A write
disables Fast A20. This method
provides a fast, parallel alternative to
the standard PC/AT-compatible method
of using the keyboard controller to
control A20. Internally, this signal and
A20GATE are ORed so that either
event contrals the A20 address line and
generates —-BLKA20. Default on reset
is internal A20 control disabled. While
disabled, A20 is solely controlled by the
A20 input for strict PC/AT-compatibility.

Fast A20 is also controlled via bit 1 of
I/O register 92h for PS/2-compatibility.
This register is known as Port A. When
bit 1 = 1, A20 is active. When bit 1 =0,
A20 always = 0. This feature is fully
integrated with the Fast A20 control
achieved through EEh, i.e. a read of
EEh followed by a read of bit 1 of port
92h returns a logic 1.

If bit 7 of the MISCSET register = 1, the
fast A20 feature at EEh is disabled.
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FAST CPU Reset (/O Address EFh or 92h)

EFh D7 D6 D5 D4 D3 D2 D1 Do
Fast Reset 1 1 1 1 1 1 1 1
92h D7 D6 D5 D4 D3 D2 D1 Do
Port A 1 1 1 1 1 1 A20 | Reset

This register provides an alternative to
use of the —RC input in order to reset
the processor. A read of EFh resets the
processor. This reset signal must be
ORed internally with the —RC input so
that either event invokes a reset. This
may provide a faster way for the system
to jump between real and protected
mode. Reset timing is the same as de-
scribed below for the Port A reset.

Fast CPU reset can also be controlled
via bit 0 of /O register 92h for PS/2-
compatibility. This register is known as
Port A. When bit 0 = 1, a reset opera-
tion is triggered. Reset pulses are high
for 16 CLK2s. This latch remains set
until written again or until the VL82C320
is externally reset.

If bit 7 of the MISCSET register = 1, the
fast CPU reset feature at EFh is
disabled.

Note that in order to successfully reset
a PC/AT-compatible system, A20 must
be gated through and not held low,
otherwise, the reset vector is not
fetched and the system hangs up.
Therefore, before issuing a "Hot" reset
command, either via I/O port 92H or 110
port EFh as described above, one of the
following must occur: 1. Set bit 1 to 1
in Port A. (Writing 03h to this register
effectively accomplishes both goals with
a single /O instruction.) 2. Perform a
read of EEh to enable A20.

Coprocessor Control (/O Address OFOh and OF1h)

OFoh D7 D6 D5 D4a D3 D2 D1 DO
Clear/Busy x]xlx[ x| x| x[xlx
OFth D?7 D6 D5 D4 D3 D2 D1 DO
Reset Copro X X X X X X X X

A write to /O port FOh clears the D-flop
which holds -BUSYCPU and
PEREQCPU active after an
—ERRORNPX signal occurs. A write to
I/O port F1h resets the NPX. This write
results in a positive pulse 80 CLK2
cycles wide and is synchronized to
CLK2. -READYO is held inactive
during this entire period for 100 CLK2s
after the falling edge of RESNPX.

Bit 6 of MISCSET must be setto 0,
otherwise, a write to F1h does not
cause a reset.

CPU Speed (/O Address 0F4h and OF5h)

OF4h D7 D6 D5

D4 D3 D2 D1 DO

Slow CPU Speed X X X

OF5h D7 D6 D5

D4 D3 D2 D1 Do

Fast CPU Speed X X X

X X X X X

A write to port OF5H causes the CPU to
run at normal "fast" speed. A write to
port OF4H invokes the CLK2 divider
circuit. This is selected by writing the

appropriate code to the MISCSET
register described later in this docu-
ment. The programmable range
provided allows 12 to 25 MHz systems

to run at or below 8 MHz. Default on
reset is "fast” speed.

If bit 7 of the MISCSET register = 1, this
CPU speed feature is disabled. See the
description under MISCSET in the
section "Functional Summary of
Indexed Registers" for more details.
The speed control activated by the
BIOS through the keyboard controller is
always available to access this function.
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Configuration Enable/Disable Registers (I/0 Addresses 0FBh and OF9h)

OFBh DZ D6 D5 Ds D3 D2 D1 DO
Config Enable x | x| x I X | X | x | x | x
OFSh D7 D6 D5 Ds D3 D2 DI DO
Config Disable x | x| x| x| x| x| x| x

When enabled and used as described
above, the configuration registers are
protected from unauthorized accesses
that might garble the system configura-
tion and either crash the system or
change its operational characteristics in
an unwanted manner. A write to OFBh

enables the configuration registers. A
write to OF9h disables the configuration
registers. When disabled, the system is
locked out from any access to the
configuration and control ports from
address E8h through EFh. This

includes the registers previously
described in this section, the EMS
registers described in "Shadow RAM
Subsystem" section and the indexed
configuration registers described in the
"Functional Summary of Indexed
Registers" section.

If bit 7 of the MISCSET register = 1, the
configuration enable/disable feature is
disabled. See the description under
MISCSET in the section "Functional
Summary of Indexed Registers" for
more details.

Sleep Mode Control Subsystem

Data Port

EDh(R'W) | D7 D6 D5 D4

SLEEP (13) |Enable
Divider

Power Down CLK2

D3 D2 D1 DO
Reserved [Reserved| Ext | SYSCLK
Ctrl 1

Sleep mode operation is provided for
battery operated laptop microcomputer
support. The sleep indexed configura-
tion register is provided to control this
function. Bits 0 and 4 through 6 are set
with the desired values by the BIOS
during POST. Only bit 7 needs to be
toggled to get in and out of sleep mode
during operation. For maximum power
savings, it is recommended that a halt
instruction be executed immediately
after setting bit 7.

Bit 7 is set to 1 to invoke all chip set
sleep functions. When set, CLK2 is
divided by the value coded in bits 4
through 6 of the sleep register except
during HLDA cycles. These bits provide
a code used to divide the CLK2 input for
generation of CLK2 output during sleep
mode. Division from 1 to 1024 is pro-
grammable. The range is specified in -
the "Functional Summary of Indexed
Registers" section.

When used with non-static CPU's the
greatest division is selected that allows
CLK2 to remain above the minimum op-
erational frequency.

Normally, ~RAS-only refresh is per-
formed. This requires driving the
memory address lines and power is
consumed. When bit 7 =1, the refresh
controller may switch to —CAS before
—RAS refresh. If -CAS before -RAS
refresh is not desired while in sleep
mode, setting CTRL1 bit 6 to 1 main-
tains standard refresh operation.

The VL82C320 is brought out of sleep
mode by resetting bit 7 to a logic 0.

This is done by providing a CPU write of
0 to bit 7. A hardware reset or an INTA
cycle of the VL82C320 also resets this
bit.

Bits 3-2 are reserved for use by external
sleep control circuitry that wishes to use
the same port address for logical

consistency. The internal bits are read/
write, but perform no other function at
the present time.

Bit 0 - The sleep register is "shadowed"
in the Bus Controller. That is, it exists
at the same address as a write-only
register in the Bus Controller. However,
only bits 0 and 7 are valid in the Bus
Controller. See the VL82C331 ISA Bus
Controller data sheet for more details.
In the VL82C320, bit 0 is a read/write bit
without function. This bit is provided so
that software can detect the last state
written to it in the Bus Controller.

When CTRL1 bit 1 = 0, the ~SLP/MISS
(pin 6) provides an external indication of
the inverse state of the SLEEP bit 7.
That is, when pin 6 is low, sleep mode
is active. This can be used as an
external indicator of sleep mode or as
an external sleep mode activation signal
for other devices.

See the section "Sleep Mode Opera-
tion" in the VL82C331 ISA Bus Control-
ler data sheet and the section "Func-
tional Summary of Indexed Registers"
in this data sheet for additional informa-
tion.
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TURBO/Slow CPU Control Subsystem

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

MISCSET FX F1 SD Slow Bus Bus

(14) Enable Ctrl Drive CLK2 Clock Mode
Divide Divider

It has become standard for fast PC/AT-
compatibles to provide means to slow
operation of older, speed sensitive
software. This is especially true for
graphics intensive entertainment
software which may otherwise operate

much too fast on a high speed machine.

Bits 3-4 of the MISCSET indexed
configuration register are used to
specify a CLK2 divider that is active
when the slow CPU mode is activated.
This range provides the capability to
operate at 8 MHz or under, for any
actual CPU speed from 12 to 33 MHz.

One way this mode may be toggled on
and off is by external control of the
TURBO input pin. When TURBO is
low, the slow mode is activated and the
CLK2 divider is in effect. When TURBO
is high or during HLDA cycles, CLK2
runs at the same speed as TCLK2 (only
if the SF TURBO request is also active,
see above). The TURBO pin is nor-
mally connected to the keyboard
controller and triggered by the BIOS via
detection of a "hot key"” combination
such as Ctrl Alt +. This input is often
externally ANDed with a mechanical
turbo switch on the front panel.

For SF compatibility, another method is
provided if separately enabled. A write
to I/O port OF4h also selects the CLK2
divider circuit for slow operation. A
write to OF5h returns to full speed
operation. The SF must be enabled (bit
7 of MISCSET = 0) for the latter
mechanism to be active. The SF
internal speed control mechanism is
ANDed with the TURBO input pin. In
this way, any single request for slow
operation causes it to occur.

Note: The state of TURBO has no
impact on the slot clock fre-
quency. See the sections
"Functional Summary of Indexed
Registers" and "Dedictated
Internal Control Registers" for
additional data.
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SPECIAL CYCLES
HALT/SHUTDOWN DETECTION
The VL82C320 detects and responds
as described below to halt and shut-
down operations from the 286 and
386SX processors.

The chip set detects halt only to differ-
entiate it from the shutdown cycle. No
further action is taken in response to
halt except to acknowledge it by
asserting —-READYO after two wait
states.

Shutdown is handled differently. This
bus cycle is executed by the CPU in
response to a critical internal process-
ing error. The VL82C320 responds by
asserting ~READYO after two wait
states then issuing a CPU Only Reset
for 16 CLK2 cycles.

COPROCESSOR CYCLES

The VL82C320 generates a-READYO
signal in one wait state if the ~READY!I
is not activated prior to this when it is in
the 386SX mode. In 286 mode,
coprocessor cycles are run as on-board
slot bus cycles under control of the ISA
Bus Controller. See Coprocessor Con-
troller Subsection for more details.

SYSTEM RESET OPTIONS

This section describes all reset modes
of the VL82C320 based on their activat-
ing signal. They have been discussed
in other applicable sections of this
document and are summarized as an
aid to the reader.

RSTDRV: Hardware reset pin from the
Bus Controller. This signal causes all
internal state machines to be reset.
The internal configuration registers are
reset to their default values shown in
Table 15. Resets are issued to the
CPU and the NPX. The -BUSYCPU
signal is active for at least eight CLK2
cycles before and after the falling edge
of the RESCPU signal. This invokes
the self-test mode of the 386SX.
Systems that desire to use this feature
can then read the result of this test in
the 386SX's EAX register and decide
what to do based on the result. Other-
wise, it can be ignored. This has no
effect on 286-based systems.

—RC: When active, a CPU-only reset is
issued immediately on RESCPU for 16
CLK2 cycles synchronous with CLK2.

TABLE 11. 286 HALT/SHUTDOWN DETECTION

M/HO -S1 -S0 At Mode
1 0 0 1 Halt
1 0 0 0 Shutdown

TABLE 12. 386SX HALT/SHUTDOWN DETECTION

M/-<0 D/~C W/-R A1l Mode
1 0 1 1 Halt
1 0 1 0 Shutdown

REG_92: Setting bit 0 of I/0 port 92h
causes a CPU-only reset. After ap-
proximately 6.75 psec, a RESCPU is
activated for 16 CLK2 cycles. See the
section "Dedicated Internal Control
Register” for more details.

REG_EF: A read of I/O port EFh
causes a CPU-only reset. After
approximately 6.75 usec a RESCPU is
activated for 16 CLK2 cycles. SF must
be enabled for this feature to function.
See the section "Dedicated Internal
Control Register" for more details.

OUT_F1: A write to I/O port F1h
causes an NPX-only reset. RESNPX is
activated for 80 CLK2 cycles. Ready
assertion is held off for another 100
CLK2 cycles. See the section "Dedi-
cated Internal Control Registers” for
details.

SHUTDOWN: Detection of the shut-
down condition causes a CPU-only
reset for 16 CLK2 cycles. See the
section "Halt/Shutdown Detection” for
additional information.

DATA BUFFER OPERATION

The VL82C320 data buffer functions
separates the data bus into three
buses, D bus, SD bus and the XD bus.
The D bus is the CPU's local data bus.
The VL82C320 and numeric coproces-
sor are connected to the D bus. BIOS
ROMs are connected to the D Bus (16-
bit) or the XD bus (8-bit). The SD bus
is the 16-bit slot bus and the XD bus is
an 8-bit bus for on-board peripherals
such as the VL82C320 registers and
the ISA Bus Controller. These buses
can be controlled by either the CPU, a
DMA controller or a bus master. Table
13 shows the source and destination
buses for all possible steering functions.

In addition, the VL82C320 provides a
D bus latching mechanism. The read
data from the appropriate bus (D, SD,
SC) is latched and re-driven to the

D bus from the end of the controlling
strobe (CAS, IOR, MEMR) to the point
at which the CPU samples the data.
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TABLE 13. DATA BUFFER MODE SUMMARY
TO TO
D BUS SBUS

Do D1 XD SDL  SDH

A F
Do —att XD DO XD
D1 <—l |—> SDL D1 SDL
SDH | SDH
B G
DO <—| l—> XD DO XD
D1 - SDL D1 B SDL
SDH p» SDH
c H
r—> XD DO B xp
Do -« SDL D1 sDL
D1 -t . SDH - SDH
D |
DO | P XD DO B xp
D1 B SDL D1 B SDL
| p SDH SDH
E
DO ——— B XD
D1 B SDL
g SDH
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PARITY GENERATION AND
DETECTION CIRCUIT

System board memory write cycles
generate two parity bits, one for each
byte of the 16-bit word bank. These bits
are written out coincident with the data
write. On CPU reads both system
board DRAM bytes feed the parity
checker. In case of a parity error, the
—PARERRCR line is activated to the
Bus Controller.

IN-CIRCUIT TEST LOGIC

The VL82C320 is designed to make
system board testing as easy as
possible. The ~TRI input causes all
pins on the VL82C320 go to a high im-
pedance state. This can be used to
isolate the VL82C320 so other compo-
nents in the system can be tested.

The —TRI input can also be used to put
the VL82C320 into a special test mode
called In-Circuit Test (ICT). The
purpose of ICT is not to functionally test
the VL82C320 while it is inserted in a
circuit board, but to test that the part is
connected correctly and all the pins can
be toggled high and low in a predictable
pattern.

During in-circuit test (ICT), each output
may be toggled by one or more of the
inputs. This allows for a board level
tester to chek the solder connection of
each pin. The sequence for enabling
ICT is as follows:

1. Tester drives —TRI pin low.

2. Tester drives XDO with a value of 1.

3. Tester simultaneously pulses —IOR
and -IOW low for at least 100 ns.

4. Tester drives —~TRI pin high.

5. VL82C320 remains in ICT mode
until the RSTDRYV pin is activated or
until steps 1-4 are repeated with
XD0=0.
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IN-CIRCUIT TEST DESCRIPTION

ICT INPUT ICT OUTPUT ICT INPUT ICT INPUT ICT OUTPUT
Signal Name | Pin # Signal Name | Pin # Signal Name | Pin # Signal Name | Pin # Signal Name | Pin #
CLK2IN 2 D13 14 MA10 33 —-RAMW 48 D12 15
-READY!I 3 HRQ 8 MAS 3 —RASBK3 59 D11 16
HLDA 4 PEREQCPU 11 MA8 35 —-RASBK2 60 D10 17
—-READYO 7 D15 12 MA7 37 —CAS7 49 D9 18
RESCPU 8 D14 13 MA6 38 —CAS6 50 D8 20
PAR1 21 DO 29 MAS 39 —CASS5 51 D7 22
PARO 30 D1 28 MA4 40 —CAS4 52 D6 23
PEREQNPX 68 —-ROMCS 63 MA3 43 —-CAS3 53 D5 24
ERRORNPX 69 —REFRESH 64 MA2 44 -CAS2 54 D4 25
-BUSYNPX 70 IRQ13 66 MA1 45 —CAS1 56 D3 26
TCLK2 71 . -NPCS 67 MAO 47 —-CASO 57 D2 27
286/-386SX 78 XD5 103 Al 154 A15 140 SD8 119
-CHREADY 80 XDé 102 A2 153 Al4 141 SD9 118
DMAHRQ 83 -BRDRAM 99 A3 ' 152 A13 142 SD10 117
ouT1 84 BUSCLK 97 Ad 151 Al12 143 SD11 116
-IOR 85 '| CHM/-IO 95 A5 150 W/-R (-S0) 157 SD12 114
-IOW 86 —CHSO0/~-MW 93 A6 149 —BLE (A0) 156 SD13 113
SDLH/-HL 88 XD7 101 A7 148 -BHE 155 SD14 112
-SDSWAP 89 —CHS1/-MR 94 A8 147 —RASBK1 61 SD15 111
—-XDREAD 90 -BLKA20 96 A9 146 —RASBKO 62 XDO0 109
-LATLO 91 DMAHLDA 98 A10 145 RESNPX 65 XD1 107
-EALE 92 -PARERROR | 100 At1 144 0SC 72 XD2 106
A16 139 SDé 123 BUSOSC 73 TURBO 76 XD3 105
A17 138 SD4 125 A20GATE 75 -RC 77 XD4 104
A18 137 SD2 128
A19 136 SD1 129
A20 135 SDO 130
A21 134 SD3 127
A22 133 SD5 124
A23 132 SD7 122
-ADS 160 CLK2 5
M/~lO 159 -BUSYCPU 10
D/-C (-S1) 158 -SLP/MISS 6
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CONFIGURATION REGISTER SET
Software Access

Index Registers (I/O Address ECh)
The value written to this register is the
8-bit address of the data port which is
accessed through the data port register
at I/0 address EDh. All subsequent
data port reads and writes accesses the
register at this address until the index
register is written with a new 8-bit
address. This register is readable. It
always returns the last value written to
it.

The Configuration Registers can only
be accessed via the CPU and are
limited to byte reads and writes.

Data Port Register (/O Address EDh)
Each register accessible through I/O
address EDh is functionally described
below. It is accessed first by writing its
address to the index register at I/O
address ECh, then by accessing the
data port at /O address EDh.

FUNCTIONAL SUMMARY OF
INDEXED REGISTERS

Version (00h) (Read-only)

D2-D7 contains a read-only code which
indicates that this part is a VLSI
Technology PC/AT-compatible System
Controller/Data Buffer (VL82C320). DO
and D1 contain the version number of
this chip. The first version of this chip
uses the code EOh. Breaking the code
into two bit pieces reveals it to be "320"
Rev "0."

COMPAT (01h)

Bits 7-0 are read-only and always return
logic 1's. This register is included for
compatibility with the Bus Controller.

SLTPTR (02H) (Default = FFh)

The SLTPTR register represents the
upper address bits of the base address
where off-board (slot) memory ac-
cesses begin. It contains a full 8 bits
corresponding to A16-A23. (For more
details, see SLTPTR - Critical Memory
Control Element Section.)

RAMMAP (03h) (Default = EOh)

Bit 7 in conjunction with the EAXS
register determines system response to
memory accesses between 0E0000h-
OEFFFFh. When set to a logic 1 and
the EAXS code for the specific 16K
segment is 00b, reads generate a
—ROMCS and a ROM access is
performed from either the D or XD bus

depending on whether 8-or 16-bit ROM
BIOS is used. When set to logic 0 and
the EAXS code for the specific 16K
segment is 00b, reads and writes are
performed to the slot bus. This feature
allows systems not using a 128K BIOS
to access memory devices on the slot
bus in the 0EO000h-OEFFFFh area.
See EAXS below for further details.
Accesses to the area between
FE0000h-FEFFFFh also respond in the
above manner except that EAXS has
no control over this memory space.

Bits 4-0 specify one of the valid memory
maps as shown Table 1. Note that not
all possible 5-bit codes are assigned to
valid memory maps.

RAMMOV (04H) (Default = FOh)
Bits 3-0 specify a switching function
which determines which internal
—RASBK3 - -RASBKO signals drive
which external -RASBK3 - -RASBKO
pins.

Refer to Table 2 for the REMAP
configuration register code mapping.

RAMSET (05h) (Default = 3Ch)
Bits 7-6 program the drive current on
lines MAO-MA10 and on -RAMW
according to the following codes:

00 = 150 pF drive (Default)
01 = 300 pF drive

10 = 450 pF drive

11 = 600 pF drive

Bit 5 is set to 0 in order to allow a cycle
to begin one CLK2 earlier. This pro-
vides extra access time. (Default = 1
Early Start Disable) Early Start may be
enabled in systems running at 16 MHz
or below.

Bit 3 indicates whether page mode is
active on Bank A.
0 = disabled

1 = enabled (Default)

Bit 2 indicates whether page mode is
active on Bank B.
0 = disabled

1 = enabled (Default)

Bit 1 indicates the interleave mode for
Bank A.

0 = Interleave on bit 1 for all DRAMs
(Default)
1 = Interleave on bit 10 for all DRAMs

Bit 0 indicates the interleave mode for
Bank B.

0 = Interleave on bit 1 for all DRAMs

(Default)
1 = Interleave on bit 10 for all DRAMs
REFCTL (06h) (Default = 00h)

Bit 7 is 0 for coupled refresh mode and
1 for decoupled refresh mode. (Default
=0.)

Bits 6-4 provide three bits to specify a
divider for on-board refresh.

000 =+1 (Default)
001 =+2

01 0=+4

011=+8

100 =+ 16

Bit 3 controls internal /O decode.
When bit 3 = 0, full 16-bit decode is
performed. When bit 3 = 1, 10-bit
decode is performed. (Default = 0.)

Bits 2-0 provide three bits which specify
a divider for off-board refresh.

000 =+ 1 (Default)
001 =+ 2

01 0=+ 4

011=+8

100=+16

RASTMA - RAS Timing for DRAM
Banks 0 and 1 (07h) (Default = FFh)
Bit 7 indicates the ~RAS to Column
Address delay.

0 =1/2 CLK2
1=1 CLK2
Refer to Figure 4.

(Default)

Bit 6 indicates number of clock delays
between —RAS and —CAS (tRCD).
Actual clock delays encoded by this bit
are:

0=1CLK2
1=2CLK2s
Refer to Figure 2.

(Default)

Bits 4-3 indicate the number of clock
periods of -RAS precharge time (tRP).
Bit encoding relative to the number of
clocks is:

00 = 2 CLK2s

01 =3 CLK2s

10 =4 CLK2s

11 =5 CLK2s
Refer to Figure 2.

(Default)

Note: In 286 mode, these times may
be one half CLK2 longer than pro-
grammed.

Bits 2-0 indicate the number of clock
periods of -RASBK active time (tRAS).
Bit encoding relative to the number of
clocks is:
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010 = 2 CLK2s
011 =3 CLK2s
100 = 4 CLK2s
101 =5 CLK2s
110 = 6 CLK2s
111 =7 CLK2s
Refer to Figure 2.

(Default)

Note: In 286 mode, these times may
be one half CLK2 shorter than pro-
grammed.

CASTMA - CAS Timing for DRAM
Banks 0 and 1 (08h) (Default = B7h)
Bits 7-6 indicate the number of clock
cycles of —CAS active time during
memory writes (tCASW):
00 =1 CLK2

01 =2 CLK2s

10 =3 CLK2s

11 =4 CLK2s

Refer to Figure 2.

(Default)

Note: In 286 mode, these times may
be on half CLK2 shorter than pro-
grammed.

Bit 5 indicates the number of CLK2s of
delay that occur before ~CAS goes
active after the start of the status cycle
(tCST). This parameter is applicable to
write operations only.
0=3CLK2s
1=4CLK2s

Refer to Figure 3.

(Default)

Bits 4-3 indicate the number of clock
cycles of —CAS precharge time (tCP).
Bit encoding relative to the number of
clocks is:

00 =1 CLK2

01 =2 CLK2s

10 =3 CLK2s
Refer to Figure 2.

(Default)

Note: In 286 mode, these times may
be one half CLK2 longer than pro-
grammed.

Bits 1-0 indicate the number of clock
cycles of —~CAS active time during
memory reads (tCASR). Bit encoding
relative to the number of clocks is:

01 =2 CLK2s

10 = 3 CLK2s

11 =4 CLK2s

00 =5 CLK2s
Refer to Figure 2.

(Default)

Note: In 286 mode, these times may
be on half CLK2 shorter than pro-
grammed.

RASTMB - RAS Timing for DRAM
Banks 2 and 3 (08h) (Default = FFh)
See RASTMA for bit definitions.

CASTMB - CAS Timing for DRAM
Banks 2 and 3 (0Ah) (Default = B7h)
See CASTMA for bit definitions.

EMSENT1 (0Bh) (Default = 00h)

Bit 7 is set as global enable for the EMS
translation registers from C0000h to
EC000h.

0 = EMS disable
1 = EMS enable

Bit 6 is set as the global enable for the
EMS backfill translation registers from
40000 to 9C000h.
0 = Backfill Disable
1 = Backfill Enable

Bit 4 determines the EMS window

(Default)

(Default)

range.
0 = EMS Map 0
1 = EMS Map 1

Each bit below is associated with one of
the EMS registers. A 0 indicates that
the associated page register is dis-
abled. A 1 indicates that it is enabled.

Page Controlled by each bit:
Bit 0 EMS Page 8
Bit 1 EMS Page 9
Bit2 EMS Page 10
Bit3  EMS Page 11

EMSEN2 (0Ch) (Default = 00h)

Each bit is associated with one of the
EMS registers. A 0 indicates that the
associated page register is disabled. A
1 indicates that it is enabled.

Page Controlled by each bit:
Bit 0 EMS Page 0
Bit 1 EMS Page 1
Bit2  EMS Page 2
Bit3  EMS Page 3
Bit 4 EMS Page 4
Bt EMS Page5
Bit6  EMS Page 6
Bit7 EMS Page7

SHADOW CONTROLLER REGIS-
TERS (Default = 00h)
The following registers provide control
over the memory range from 640K to 1
Mbyte. Each pair of bits control one
16K page as defined below:
00 = Read (Default), Write Slot Bus
01 = Read (Default), Write
System Board
10 = Read System Board, Write Slot
Bus
11 = Read/Write System Board

*In the address space F0000h to
FFFFFh, Default means accesses are
from on-board ROM space. Default
accesses in areas from A0O000Oh-
DFFFFh are from the slot bus. Default
in the area from EO000h-EFFFFh can
be either on-board ROM or slot bus
accesses depending on the state of
RAMMAP bit 7.

AAXS (0Dh) *Default is always the
slot bus.

Bits 6-7 - segment at ACO00Oh.

Bits 4-5 - segment at AB0O0Oh.

Bits 2-3 - segment at A4000h.

Bits 0-1 - segment at AOOOOh.

BAXS (OEh) *Default is always the
slot bus.

Bits 6-7 - segment at BCOOGh.

Bits 4-5 - segment at B80OOh.

Bits 2-3 - segment at B4000h.

Bits 0-1 - segment at BOOOOh.

CAXS (OFh) *Default is always the
slot bus.

Bits 6-7 - segment at CCO00h.

Bits 4-5 - segment at C8000h.

Bits 2-3 - segment at C4000h.

Bits 0-1 - segment at CO000h.

DAXS (10h) *Default is always the
slot bus.

Bits 6-7 - segment at DCOOOh.

Bits 4-5 - segment at D800OCh.

Bits 2-3 - segment at D4000h.

Bits 0-1 - segment at DOOOOh.

EAXS (11h) *Default may be on-
board BIOS ROM access or slot bus
access.

This memory space is a special case in
that "default” can be one of two
locations depending on the state of the
RAMSET bit 7.

Bits 6-7 - segment at EC0O00h.

Bits 4-5 - segment at E8000h.

Bits 2-3 - segment at E4000h.

Bits 0-1 - segment at EO00Oh.

FAXS (12h) *Default is always on-
board BIOS ROM access.

Bits 6-7 - segment at FCO00h.

Bits 4-5 - segment at F8000h.

Bits 2-3 - segment at F4000h.

Bits 0-1 - segment at FOO0Oh.

SLEEP (13h) (Default = 01h)
Bit 7 - Power-down enable.

0 = Default operational setting. Normal
clock speed.

1 = Invokes clock divider set in bits 4
through 6.
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This bit is reset to 0 and normal
operation resumes when rewritten or
when the VL82C320 receives a
hardware reset.

Bits 6-4 - Power-down CLK2 divider.
These bits provide a code used to
divide the CLK2 down for sleep mode.
The codes are:
000 =+1

001 =+4

01 0= +8

011 =+16

100 = +32

101 = +64

110 = +256
111 =+1024

Bit 1 - External Control 1
Bit 1 along with Bit 7 control the —~SLP/
MISS pin.

Bit 0 is a simple latch that provides no
functionality in the VL82C320. How-
ever, a read always reflects the last
write 1o this bit.

MISCSET (14h) (Default = 06h)

Bit 7 is used to enable or disable the SF
options mapped into the coprocessor
chip set I/O space between FOh and
FFh.

0 = enabled
1 = disabled

Bit 6 controls coprocessor software
reset.

(Default /1 clock)

(Default)

0 = enabled (Default)
1 = disabled

Bit 5 is SD high drive enable.

0 = 24 mA drive (Default)
1 = 12 mA drive

Bits 4-3 specify the CLK2 divider that is
invoked when the TURBO input pin is
low or when a write to port F4h is
performed.

00 = CLK2 +1
01 = CLK2 +2
10 =CLK2 +3
11 =CLK2 +4

Bits 2-1 are the value used for division
of TCLK2 or BUSOSC to generate
BUSCLK.

00 =+ 1

01 = 2

10=+3

11=+4 (Default)

Bit 0 indicates the BUSCLK divider
source.

0 =TCLK2

1 = BUSOSC

TEST (15h) (Default = 00h)
This register is reserved for "to be
determined" factory test functions. It
must never be written during normal
operation.

CTRL1(16h) (Default = 00h)
This register contains additional system
functional controls.

(Default)

(Default)

Bit 7 provides for disk controller
compatibility. With fast CPUs, some
disks can be overrun by programmed
/0. This bit provides a way to compen-
sate by forcing the first memory cycle

after an 1/O cycle to be executed at non-’

turbo speed.
0 = slow programmed I/O (Default)
1 = normal programmed /O

Bit 6 selects the sleep mode refresh
option.

0 = CAS before RAS refresh

1 = normal refresh

Bits 5-4 are used to open a 64K or
128K window at the top of DOS
memory for access by slot bus cards.
This allows accesses to be directed off-
board in this region, then come back
on-board in order to access on-board
extended memory. The slot pointer

(SLTPTR) cannot be used to provide
this function because all accesses
above slot pointer are off-board. There
is no way to gain access to on-board
memory above this pointer except
through the EMS hardware. These bits
affect only the CPU address space from
512K-640K.

00 - 512K-640K on-board access

10 - 576K-640K accesses slot bus
512K-576K on-board accesses

11 - 512K-640K accesses slot bus

Special cases: This feature is inactive
when EMS backfill is enabled. An
attempt to set a code other than
00b with EMS backfill enabled will
fail to change the code. If this
feature is activated with codes 1Xb
and EMS backfill is later activated,
the code will automatically change
to 00b disabling slot bus accesses
in this region.

Use of SLTPTR in the same range
is totally compatible. SLTPTR
rules. If SLTPTR=576K or 512K,
the setting of CTRL1 bits 5-4
doesn't matter. Accesses will be
directed to the slot bus in this
region and will also remain off-
board above 640K.

Bit 2 programs the drive current on
outputs RASBK3-RASBKO
0= 24mA
1=12mA

Bit 1 is read/write and reserved for
future use. Do not write 1's to these
bits.

Bit 0 will also be used for this future
circuit but it also controls a function in
this version of the VL82C320.

Bit 0 - —SLP/MISS pin
= -SLP (Default)
1 = MISS input

(Default)
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TABLE 14. INDEXED CONFIGURATION REGISTER MAP

Index Port D7 D6 D5 D4 D3 D2 D1 Do
ECh (R/W) A7 A6 A5 A4 A3 A2 A1 A0
Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO
00| VER (R-0) 1 1 1 0 0 0 0 0

01| COMPAT 1 1 1 1 1 1 1 1

02| SLTPTR A23 A22 A21 A20 A19 A18 A17 A16

03] RAMMAP ROMSLOT 1 1 DRAM Memory Map Code

04| RAMMOV 1 1 1 1 RASBK - CAS Swap Code

05| RAMSET DRAM Drive ESTART 1 Page MdA | Page Md B | Bank A Int | Bank B Int
06| REFCTL Decup | Slow Refresh Divider - System Board 10/16 10 Slow Refresh Divider - Slots

07] RASTMA | RASADDSEL| tRCD 1 tRP tRAS

08| CASTMA tCASW 1CST tCP 1| tCASR

09 RASTMB | RAS ADDSEL I tRCD 1 tRP tRAS

0A| CASTMB tCASW 1CST 1CP 1 | 1CASR

oB| EMSEN1 EMS Enable | BF Enable Reserved EMSMAP B/EC000 B/ES000 B/E4000 B/E0000
04 EMSEN2 DCo000 D8000 D4000 D0000 A/CC000 A/C8000 A/C4000 A/C0000
oDl AAXS ACO000 Access AB8000 Access A4000 Access A0000 Access

OE| BAXS BCO000 Access B8000 Access B4000 Access B0000 Access

OF| CAXS CCO000 Access C8000 Access C4000 Access C0000 Access

10| DAXS DCO000 Access D8000 Access D4000 Access D0000 Access

11] EAXS ECO000 Access E8000 Access E4000 Access E0000 Access

12| FAXS FCO000 Access F8000 Access F4000 Access FO000 Access

13| SLEEP Enable | Power Down CLK2 Divider | Extctds | ExtCtri2 | ExtCtl1 [ SYSCLK
14| MISCSET | FXEnable | F1cCtl | HighDrive |  Slow CLK2 Divider | Slot Bus Divider | Bus Mode
15| TEST | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
16| CTRL1 | DSKTMG | SLPREF | 512-640KAccess [ Reserved | RASDRV | Reserved | PRESNT

Note: A 1 indicates currently unused bits that read back as logic 1. It is recommended that they be written as a "1" to ensure
" future compatibility.
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TABLE 15. DEFAULT CONFIGURATION VALUES AFTER RESET

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
00| VER (R-0) 1R 1R 1R OR OR OR OR OR
01| COMPAT 1R 1R 1R 1R 1R 1R 1R 1R
02| SLTPTR 1 1 1 1 1 1 1 1
03 | RAMMAP 1 1R 1R 0 0 0 0 0
04| RAMMOV 1R 1R 1R 1R 0 0 0 0
05| RAMSET 0 0 1 1R 1 1 0 0
06| REFCTL 0 0 0 0 0 0 0 0
07 | RASTMA 1 1 1R 1 1 1 1 1
08| CASTMA 1 0 1 1 0 1R 1 1
09| RASTMB 1 1 1R 1 1 1 1 1
0A| CASTMB 1 0 1 1 0 1R 1 1
0B| EMSENT1 0 0 0 0 0 0 0
0C| EMSEN2 0 0 0 0 0
oD| AAxs 0 0 0 0 0 0 0 0
OE| BAXS 0 0 0 0 0 0 0 0
OF | CAXS 0 0 0 0 0 0 0 0
10| DAXS 0 0 0 0 0 0 0 0
11| EAXS 0 0 0 0 0 0 0 0
12| FAXs 0 0 0 0 0 0 0 0
1Blsteep | o | o | o [ o | o [ o | o | 1
14lmscser | o | o | o [ o | o K [ 1 ] 0
15| TEST | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved l Reserved | Reserved
16| CTRL1 [ o | o J o | o | o | o | o [ o

Note: Values followed by "R" are read-only and have no logical function. Reserved bits in the Test register are for factory test.
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AC CHARACTERISTICS: TA =0°Cto +70°C, VDD =5V 5%, VSS =0 V

Symbol Parameter Min Max Unit Conditions

1 TCLK2 Period 25 ns

t2 TCLK2 High Time 8 ns 15V

13 TCLK2 Low Time 8 ns 1.5V

t4 BUSOSC Period 20 ns

15 BUSOSC, OSC High Time 8 ns 1.5V

16 BUSOSC, OSC Low Time 8 ns 15V

17 CLK2IN High Time 8 ns 20V

18 CLK2IN Low Time 8 ns 20V

tD9 TCLK2 to CLK2 Delay 25 ns CL=50 pF

t10 CLK2 Fall Time 4 ns 3.6 Vto 1.0 V@ CL=50
111 CLK2 Rise Time 4 ns 1.0 V10 3.6 V@ CL=50
tD12 TCLK2 to BUSCLK Delay 25 ns CL=50 pF

tD13 BUSOSC to BUSCLK Delay 25 ns CL=50 pF

114 BUSCLK Fall Time 9 ns 3.6Vt 1.0 V@ CL=50
115 BUSCLK Rise Time 12 ns 1.0V1t03.6 V@ CL=50
tD16 CLK2IN to RESCPU Delay 3 13 ns CL=30 pF

tD17 CLK2IN to RESNPX Delay 3 13 ns CL=30 pF

tD18 CLK2IN to -READYO Delay 3 19 ns CL=30 pF

D19 CLK2IN to HRQ Delay 3 20 ns CL=50 pF

t1SU20 —ADS to CLK2IN Setup Time 20 ns

tH21 —ADS from CLK2IN Hold Time 4 ns

tSU22 W/-R, M/=IO, D/—C to CLK2IN Setup Time 22 ns

tSU22a W/-R, M/=1O, D/—C to CLK2IN Setup Time 29 ns

tH23 W/-R, M/~I0, D/—C from CLK2IN Hold Time 4 ns

tSU24 A23-A1 to CLK2IN Setup Time 20 ns

1SU25 A23-A1 to CLK2IN Setup Time 26 ns

tH26 A23-A1 from CLK2IN Hold Time 4 ns

tsu27 —BHE, —BLE to CLK2IN Setup Time 20 ns

tH28 —BHE, —BLE from CLK2IN Hold Time 4 ns

tD29 —ADS to —EALE Delay 3 17 ns CL=200 pF

tSU30 HLDA to CLK2IN Setup Time 10 ns

tH31 HLDA to CLK2IN Hold Time 4 ns

tSU32 —READYIN to CLK2IN Setup Time 9 ns

tH33 —READYIN from CLK2IN Hold Time 4 ns

tD34 CLK2IN to -RASBK3- -RASBKO Delay 4 20 ns CL=150 pF

tD35 CLK2IN to -RAMW Delay 4 23 ns CL=300 pF
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AC CHARACTERISTICS: TA =0°Cto +70°C, VDD =5V +5%, VSS=0 V
Symbol | Parameter Min Max Unit Conditions
tD36 CLK2IN to -CAS7- —CASO0 Delay 4 17 ns CL=50 pF
tD37 CLK2IN to ~BRDRAM Delay 4 20 ns CL=50 pF
tD40 CLK2IN to -ROMCS Delay 4 22 ns CL=50 pF
tD41 A23-A1 to MA10-MAO Delay 4 34 ns CL=300 pF
tD42 CLK2IN to MA10-MAO Delay 4 25 ns CL=300 pF
tD43 CLK2IN to MA10-MAO Delay 4 22 ns CL=300 pF
tD46 CLK2IN to -CHS0/~-MR, -CHS1/-MW 3 18 ns CL=50 pF
CHM/-IO Going Low Delay
tD47 BUSCLK to -CHS0/~MR, ~CHS1/~-MW, 3 22 ns CL=50 pF
CHM/-I0 Going High Delay
tSU48 —~CHREADY to BUSCLK Setup Time 5 ns
tH49 —CHREADY from BUSCLK Hold Time 3 ns
tSU50 D15-D0 to —IOW High Setup Time 30 ns
tH51 D15-D0 from —IOW High Hold Time 5 ns
tD52 —IOR Low to D15-D0 Delay 5 50 ns CL=50 pF
tD53 —IOW High to —SLP/MISS Delay 4 33 ns CL=50 pF
tD54 A20GATE to —BLKA20 Delay 4 20 ns CL=50 pF
tD56 —IOW or —IOR Low to —BLKA20 Delay 5 25 ns CL=50 pF
tSU57 DMAHRQ to BUSCLK Setup Time 10 ns
tH58 DMAHRQ from BUSCLK Hold Time 8 ns
D59 BUSCLK to DMAHLDA Delay 3 30 ns CL=50 pF
tD60 CLK2IN to DMAHLDA Delay 3 26 ns CL=50 pF
tD61 BUSCLK to -REFRESH Delay 3 32 ns CL=200 pF
tD62 CLK2IN to -REFRESH Delay 3 32 ns CL=200 pF
tD63 BUSCLK to -REFRESH Float Delay 3 20 ns
tD66 —ERRORNPX Low to IRQ13 Delay 3 20 ns CL=50 pF
tD67 —IOW Low to IRQ13 Low Delay 3 25 ns CL=50 pF
tD68 PEREQNPX to PEREQCPU Delay 3 20 ns CL=50 pF
tD69 —BUSYNPX High to PEREQCPU High Delay 3 20 ns CL=50 pF
tD70 —|OW Low to PEREQCPU Low Delay 3 25 ns CL=50 pF
tD71 —-BUSYNPX to -BUSYCPU Delay 3 20 ns CL=50 pF
tD72 —|OW Low to -BUSYCPU Delay 3 25 ns CL=50 pF
tD73 CLK2IN to -BUSYCPU Delay 3 23 ns CL=50 pF
tD74 CLK2IN to -NPCS Delay 3 23 ns CL=50 pF
tSU75 RSTDRYV to CLK2IN Setup Time 10 ns
tH76 RSTDRV from CLK2IN Hold Time 5 ns
tD77 CLK2IN to D15-D0 Driven Delay 3 25 ns CL=50 pF
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AC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5 V +5%, VSS =0 V
Symbol | Parameter Min Max Unit Conditions
tD78 CLK2IN to D15-D0 Float Delay 3 20 ns CL=50 pF
D79 CLK2IN to PAR1-PARO Driven Delay 3 25 ns CL=50 pF
tD8o CLK2IN to PAR1-PARO Float Delay 3 25 ns CL=50 pF
tD81 CONTROL to SD15-SD0 Driven Delay 3 25 ns
tD82 CONTROL to SD15-SDO Float Delay 3 25 ns
tD83__| -XDREAD High to XD Driven Delay 3 | 2 ns
tD84 ~XDREAD Low to XD Float Delay 3 25 ns
tsuss SD7-SD0, XD7-XD0, D7-D0 to —~LATLO Setup 15 ‘ ns
tH86 SD7-SD0, XD7-XD0, D7-D0 from ~LATLO Hold 5 ns
tsus7 SD15-SD0, XD7-XDO, D15-D8 to BUSCLK Setup 8 ns
tHgs SD15-SD0, XD7-XD0, D15-D8 from BUSCLK Hold 15 ns
tD89 D15-D0 to SD15-SD0 Delay 30 ns CL=200 pF
1D90 XD7-XDO to SD15-SD0 Delay 30 ns CL=200 pF
tD91 SD15-SD8 to SD7-SD0 Delay 30 ns CL=200 pF
D92 SD7-SDO to SD15-SD8 Delay. 30 ns CL=200 pF
tD93 D15-D0 to XD7-XDO Delay 25 ns CL=50 pF
tD94 SD15-SDO0 to XD7-XDO0 Delay 25 ns - CL=50 pF
tD95 XD7-XDO to D15-D0 Delay 25 ns CL=50 pF
tD96 SD15-SD0 to D15-DO0 Delay 25 ns CL=50 pF
t1SU97 D15-D0, PAR1-PARO to CLK2IN Setup 3 . . ns
1D98 D15-D0, PAR1-PARO from CLK2IN Hold 10 ns
1D99 CLK2IN to -PARERROR Delay 3 32 ns CL=50 pF
D100 | D15-D0 to PAR1-PARO Delay ) 3 20 | ns | cL-s0pF

OUT1, TURBO, —-RC, 286/-386SX, ~TRI ) ns No AC Specs on these Pins
tSU101 | —CHS0/-MW, —CHS1/~MR to CLK2IN Setup 10 ns
tH102 —CHS0/~-MW, —CHS1/~MR from CLK2IN Hold 4 ns
tD103 ~CHS0/-MW to ~-RAMW Delay 3 25 ns CL=50 pF
D104 —CHSO/~MW Low to PAR1-PARO Driven Delay 3 25 ns . CL=50 pF
tD105 —CHS0/~-MW High to PAR1-PARO Float Delay 3 25 ns CL=50 pF
tD106 SD15-SD0 to PAR1-PARO Delay . 3 28 ns CL=50 pF
tD107 ~CHS0/-MW, -CHS1/-MR to —BRDRAM Delay 3 25 ns CL=50 pF
D108 | A23-A1 to -BRDRAM Delay 3 42 ns | cL=50pF
tD109 ~CHS0/-MW Low to D15-D0 Driven Delay 3 25 ns CL=50 pF
tD110 A23-A1 Valid to D15-D0 Driven Delay 3 42 ns CL=50 pF
tD111 —CHS0/~-MW High to D15-DO0 Float Delay 3 25 ns CL=50 pF
tD112 A23-A1 Invalid to D15-DO0 Float Delay 3 42 ns CL=50 pF
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TIMING DIAGRAMS
FIGURE 8. CPU INTERFACE TIMING
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FIGURE 9. RESET AND HOLD TIMINGS
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FIGURE 10. ON-BOARD MEMORY TIMING
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FIGURE 12. HOLD CYCLES TIMING
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FIGURE 14. ROM CYCLE
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AC CHARACTERISTICS FOR 286 MODE

Symbol Parameter Min Max Unit Conditions
1 TCLK2 Period 20 ns

17 CLK2IN High Time 8 ns 20V

18 CLK2IN Low Time 8 ns 20V
tSU113 —S0, —S1 to CLK2IN Setup Time 16 ns

tH114 —S0, —S1 from CLK2IN Hold Time 9 ns

tSU115 M/~10 to CLK2IN Setup Time 28 ns

tH116 M/=10 from CLK2IN Hold Time 9 ns

tSU117 A23-A0 to CLK2IN Setup Time 28 ns

tH118 A23-A0 to CLK2IN Hold Time 9 ns

tSU119 —BHE to CLK2IN Setup Time 8 ns

tH120 —BHE from CLK2IN Hold Time 9 ns

tD121 —S0, -S1 to —EALE Delay 3 19 ns CL=50 pF

FIGURE 15. 286 MODE TIMING
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating -10°C to +70°C

Temperature
Storage Temperature —65°C to +150°C

Supply Voltage -0.5VtoVDD=0.3V
to Ground

Applied Output -0.5Vto VDD =0.3V
Voltage

Applied Input -05Vto7.0V
Voltage
Power Dissipation 500 mW

Stresses above those listed may cause

permanent damage to the device.
These are stress ratings only. Func-

tional operation of this device at these

or any other conditions above those

indicated in this data sheet is not
implied. Exposure to absolute maxi-
mum rating conditions for extended
periods may affect device reliability.

DC CHARACTERISTICS: TA =0°C to +70°C, VDD =5 V 5%, VSS = 0 V

Symbol | Parameter Min. Max. Unit Conditions
VIL Input Low Voltage -0.5 0.8 \ TTL Level Inputs
VIH Input High Voltage 2.0 | vDD +0.5 \ TTL Level Inputs
VILC Input Low Voltage -0.5 0.8 v CMOS Level Inputs
VIHC Clock Input High VDD -0.8 | VDD +0.5 v CMOS Level Inputs
VOL1 Output Low Voltage 0.45 \ IOL = 4 mA, Note 1
VOH1 Output High Voltage VDD -0.45 0.4 \ IOH = —1 mA, Note 1
VOL2 Output Low Voltage 0.45 \Y IOL = 8 mA, Note 2
VOH2 Output High Voltage VDD -0.45 \ IOH = -2 mA, Note 2
VOL3 Output Low Voltage 0.45 \ IOL = 20 mA, Note 3
VOH3 Output High Voltage VDD -0.45 \ IOH = -20 mA, Note 3
VOL4 Output Low Voltage 0.45 v IOL = 12 mA, MISCSET][5] = 1
IOL = 24 mA, MISCSETI5] = 0, Note 4
VOH4 Output High Voltage VDD —0.45 v IOH = -6 mA, Note 4
VOL5 Output Low Voltage 0.45 \ IOL =12 mA, CTRL1[2] = 1
IOL = 24 mA, CTRL1[2] = 0, Note 5
VOH5 Output High Voltage 24 \ IOH = -6 mA, Note 5
VOL6 Output Low Voltage 0.45 \' IOL = 10 mA, RAMSET[7:6] = 00
IOL = 20 mA, RAMSET[7:6] = 01
IOL = 30 mA, RAMSET(7:6] = 10
IOL = 40 mA, RAMSET[7:6] = 11, Note 6
VOHe6 Output High Voltage 24 Y, IOH = -6 mA, RAMSET([7] = 0
IOH = —12 mA, RAMSET[7] = 1, Note 6
VOoL7 Output Low Voltage 0.45 \' IOL = 8 mA, Note 7
voLs Output Low Voltage 0.45 \ IOL = 24 mA, Note 8
ILI Input Leakage Current -10 10 RA Note 9
L Input Leakage Current -500 10 pA Note 10
IIH Input Leakage Current -10 500 pA Note 11
ILO Output Leakage Current -100 100 HA
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DC CHARACTERISTICS cont.: TA =0°C to +70°C, VDD = 5 V 5%, VSS = 0 V Cont.
Symbol | Parameter Min. Max. Unit Conditions
IDDSB Static Power Supply Current 3 mA
IDDOP Dynamic Power Supply Current 4 | mA/MHz
Cl Input or I/0 Capacitance 10 pF
CcO Output Capacitance 10 pF
Notes: 1. Pins: -BUSYCPU, PEREQCPU, -ROMCS, IRQ13, -NPCS, —-CHS0/~-MW, —CHS1/~-MR, CHM/-O, -BLKA20,
BUSCLK, DMAHLDA, -PARERROR, XD7-XDO
2. Pins: -READYO, HRQ, RESCPU, D15-D0, PAR1, PARO, ~CAS7- ~CAS0, RESNPX, -EALE, -BRDRAM
3. Pins: CLK2
4. Pins: SD15-SDO
5. Pins: -RASBK3- -RASBKO
6. Pins: MA10-MAO, -RAMW
7. Pins -SLP/MISS
8. Pins: —REFRESH
9. Allinputs except those listed in notes 10 and 11
10. Pins: ~ERRORNPX, -BUSYNPX, 286/-386SX, —-TRI, W/-R (-S0), D/-C (-S1), M/~IO, —ADS
11. Pins: PEREQNPX
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DESCRIPTION

The VL82C330 System Controller is
highly configurable via software. No
hardware jumpers are required.
Defaults on reset for the configuration
registers allow the system to boot at the
CPU'’s rated speed. However, opera-
tional capabilities are reduced until the
configuration registers are set to mirror
the true system configuration.

The VL82C330 is designed to perform
in 386™DX systems running up to 33
MHz. Built-in page mode operation,
two- or four-way interleaving and fully
programmable memory timing allow the
PC designer to maximize system
performance using commodity DRAMs.
Programmable memory timing allows
the system to be setup to match the
requirements of the chosen DRAMs;
standard or custom.

The VL82C330 handles system board
refresh directly and also controls the
timing of slot bus refresh which is
actually performed by the ISA Bus
Controller. Refresh may be performed
in coupled or decoupled mode. The
former method is the standard PC/AT®-
compatible mode where on- and off-
board refreshes are performed synchro-
nously. In decoupled mode, the timing
of on- and off-board refreshes are
independent. Both may be pro-
grammed for independent, slower than
normal rates. This allows use of low
power, slow refresh DRAMs. The
VL82C330 controls all timing in both
modes. In all cases, refreshes are
staggered to minimize power supply
loading and attendant noise on the VDD
and ground pins.

SYSTEM CONTROLLER

The physical banks of DRAM can be
logically reordered through one of the
indexed configuration registers. This
DRAM remap option is useful in order to
map out bad DRAM banks allowing
continued use of a system until repairs
are possible. It also allows DRAM bank
combinations not in the supported
memory maps to be logically moved
into a supported configuration without
physically moving memory components.
This unique, programmable function
performs this task by switching the
internal -RASI and CASI signals
between the external -RASBK and
CASBK pins. This allows internal
strobes generated for DRAM bank 0, for
example, to be routed to any one of the
four on-board DRAM banks.

TCLK2 -
] > cLock cLk2
R —— T = BUSCLK
HLDA -
DMAHRQ HOLD DMAHLDA
ouTi ARBITER > HRQ
. -
REFRESH " s,
< B> _CHS1/-MR,
M/-10, aUs CHM-HIO
DI-CWI-R > > _BRDRAM
CONTROL —EALE
~CHREADY > - -RAMW
- LBE3-LBEO
-ADS > _DEN
BM;IQ B MA10-MAO
13-
A31, A29, A26-A2 »| ADDRESS > ~MDLAT
DECODE | SANKRQO
> PHIT/-MISS CcASI-
| DRAM |CAslb -RASBK3-
| CONTROL _RASI3- | REMAP -RASBKO
> -Rasio | LOGIC CASBK3-
-READYI DRAMRDY CASBKO
-BE3 - -BEO >
Y REMAP
~IORAHOW ————lconria | spmmiss p-| READYCNTL -READYO
REGS
XD7-X00 —ERROR38S,
WTKIRQ ————————e—>} - -BUSY386,
~ERROR387, NPX :EFslg-ao;wG
~BUSYA87, ———— plINTFC
PEREQ387 - Q13
I PORT } » ~BLKA20
A20GATE :I_fJ_» p—
RSTDRV e e —_— Y
-RC >

~TRI e
CLK2IN ~————pp

ORDER INFORMATION

Part
Number Package

VL82C330-FC Plastic Flat Pack

Note: Operating temperature range is
0°C to +70°C.

PC/ATis a registered trademark of IBM
Corporation.

386DX is a trademark of Intel Corp.
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Active low —RASBK signals are
generated to directly drive DRAM
banks. Active high CASBK and LBE
signals are externally decoded with
NAND gates to provide 16 active low
CASBK signals. This scheme provides
extra timing margin and lower cost
since NAND gates are cheaper and
faster than equivalent OR gates.

Both the Intel 387™DX and Weitek
3167 numeric coprocessors are
supported and may be used individually
or in combination. Support is for both 8-
bit wide and 16-bit wide system BIOS
ROM.

Full EEMS support is provided in
hardware for the complete full LIM EMS
4.0% standard. Seventy-two mapping
registers provide a standard and an
alternate set of 36 registers each. The
system allows backfill to 256K for
EEMS support and provides 24
mapping registers covering this space.
Twelve of the 36 are page registers

387DX is a trademark of Intel Corporation.

which cover the EMS space from
C0000h to EFFFFh. These twelve
registers can alternatively be mapped in
the A0000-BFFFFh and D0O0OOOh-
DFFFFh range by changing a configura-
tion bit in the VL82C330. All registers
are capable of translating over the
complete 64 Mbyte range of on-board
DRAM. Users preferring an alternate
plug-in EMS solution can disable the
on-board EMS system as well as
system board DRAM, as required, down
to 256K.

Shadowing features are supported on
all 16K boundaries between 640K and
1M. EMS use, shadowed ROM, and
direct system board access is possible
in non-overlapping fashion throughout
this memory space. Control over four
access options is provided. These
controls are overridden by EMS in
segments for which it is enabled.

1. Access ROM or slot bus for reads
and writes.

2. Access system board DRAM for
reads and writes.

3. Access system board DRAM for
reads and slot bus for writes.

4. Shadow setup mode. Read ROM
or slot bus, write system board
DRAM.

The VL82C330 is used to program the
desired operational mode of the AT
bus. Based on this programming, it
provides the bus clock and signalling
interface to the Bus Controller, which
actually interfaces with the bus. The
bus clock may be derived from the
TCLK2 or bus OSC inputs. A program-
mable divider conditions the selected
BUSCLK source providing divide by 1,
2,3o0r4.

LIM EMS 4.0% is a registered trademark of Lotus Development Corp., Intel Corp. and Microsoft Corp.
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

CPU INTERFACE SIGNALS | .

A31, A29, 117-119 I-TPU A26 is used to prevent aliasing above 64 Mbyte. A31 and A29 are used to

A26 differentiate upper BIOS accesses, Weitek 3167 accesses, and 387DX
accesses. When HLDA is active, these signals are held low internally.
This is required in order to prevent errant Bus Master and DMA accesses
to on-board memory.

A25-A2 120-127 I-TTL Address Bits - These bits allow direct access of up to 64 Mbytes of

2-7,9-13, memory.
15-19

-BE3 - -BEO 20-23 I-TTL Byte Enables 3 through 0, active low - These signals allow 8-bit resolution
during read/write accesses.

W-R 24 I-TPU Write or active low Read - W/-R is decoded with the remaining control
signals to indicate the type of bus cycle requested.

D/-C 25 ) I-TPU Data or active low Code - D/~C is decoded with the remaining control
signals to indicate the type of bus cycle requested.

M/-10 26 I-TPU Memory or active low I/O - M/-lO is decoded with the remaining control
signals to indicate the type of bus cycle requested.

-ADS 27 I-TPU Address Strobe, active low - Indicates that the address and control signals
are valid. This signal is used internally to indicate that the address and
command are valid and to determine the beginning of a bus cycle.

CLK2IN 30 I-CMOS This is the main clock input to the VL82C330 and is connected to the CLK2
signal that is output by the VL82C330. This signal is used internally to
clock the VL82C330's logic.

TCLK2 44 1-CMOS This input is connected to a crystal oscillator whose frequency is equal to
two times the system frequency. The CMOS level is used to generate
CLK2 output and optionally, bus clock.

CLK2 32 (o) This output signal is a CMOS level converted TCLK2 signal. It is output to
the CPU and other on-board logic for synchronization.

-SLP/MISS 35 10-OD As a "power on reset" default, this signal is an output that is equal to
—SLEEP[7] » —SLEEP[1]. When configuration register CTRL[0] = 1, this
pin becomes a MISS input for use with a future VLSI product.

-READYO 34 o Ready Out, active low - This signal is an indication that the current cycle is
complete. It is generated from the internal DRAM controller or the synchro-
nized version of -CHREADY for slot bus accesses. The culmination of
these ORed READY signals is sent to the CPU and is also connected to
the VL82C330’s ~READY! input. This signal may be combined externally
with other READY sources.

—READY!I 29 I-TTL Ready Input, active low - This signal indicates the current bus cycle is
complete.

HLDA 28 I-TTL Hold Acknowledge, active high - This signal is issued in response to the
HRQ driven by the VL82C330. When HLDA is active, the memory control
is generated from ~-CHS1/~MR and —~CHS0/~-MW.

HRQ 40 [0} Hold Request, active high - Driven by the VL82C330 to the CPU, this

output indicates that a bus master, such as a DMA or AT channel master,
is requesting control of the bus. HRQ is a result of the DMAHRQ input or a
coupled refresh cycle. It is synchronized to CLK2.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

CPU INTERFACE SIGNALS (continued)
0o

RESCPU

—-ERROR386

-BUSY386

PEREQ386

36

37

38

39

Reset CPU, active high - This signal is sent to the CPU by the VL82C330.
It is issued in response to the control bit for software reset located in the
Port A register or a read to I/O port EFh. It is also issued in response to
signals on the RSTDRV or RC inputs and in response to VL82C330
detection of a shutdown command. In all cases, it is synchronized to
CLK2.

Error 386, active low - On any CPU reset it is pulled low to set the 386DX
to 32-bit coprocessor interface mode.

Busy 386, active low - The state of -BUSY387 is always passed through to
—-BUSY386 indicating that the 387 is processing a command. On occur-
rence of an -ERROR387 signal, it is latched and held active until occur-
rence of a write to ports FOh, F1h, or RSTDRV.

Processor Extension Request 386, active high - An output signal generated
in response to a PEREQ387, which is issued by the coprocessor to the
VL82C330. PEREQ386 is asserted on occurrence of -ERROR387 after
—BUSY387 has gone inactive. A write to FOh returns control of the
PEREQ386 signal to directly follow the PEREQ387 input.

ON-BOARD MEMORY SYSTEM INTERFACE SIGNALS

-RAMW 55
MA10-MAO 57, 58, 60
62-64, 66, 67
69, 71,72
—RASBKS - 81-83, 85
—RASBKO
CASBKS - 77-80
CASBKo
LBE3-LBEO 73-76
—-REFRESH 109
-ROMCS 54
COPROCESSOR SIGNALS
PEREQ387 46

O-TTL

O-TTL

O-TTL

IC-OD

I-TPD

RAM Write, active low - This signal is active during memory write cycles
and is high at all other times.

Memory Addresses 10 through O - These address bits are the row and
column addresses sent to on-board memory. They are buffered and
multiplexed versions of the bus master addresses.

Row Address Strobe Bank 0 through 3, active low - These signals are sent
to their respective RAM banks to strobe in the row address during on-board
memory bus cycles. The active period for this signal is completely pro-
grammable.

Column Address Strobe Bank 0 through 3 - These signals are the
respective column address strobes for each of the banks. These signals
are externally gated (NAND) with the LBE signals to generate the CASBK
strobes for each byte of a DRAM memory bank.

Latched Byte Enable 0 through 3, active high - These signals are the
latched version of the CPU’s ~BE3 - -BEO signals when the CPU is bus
master or is the latched version of SA1, SA0, and -BHE when the master
or DMA is in control.

Refresh signal, active low - This output is used by the VL82C330 to initiate
an off-board DRAM refresh operation in coupled refresh mode. In de-
coupled mode, the Bus Controller drives refresh active to indicate to the
VL82C330 that it has decoded a refresh request command and is initiating
an off-board refresh cycle.

ROM Chip Select - This is the on-board system BIOS ROM chip select.

Coprocessor Extension Request 387, active high - This input signal is
driven by the coprocessor and indicates that it needs transfer of data
operands to or from memory. For PC/AT-compatibility, this signal is also
gated with the internal ERROR/BUSY control logic before being output to
the CPU as PEREQ386 during 387 interrupts.
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SIGNAL DESCRIPTIONS (cont.)

Signal
Description

Signal Pin Signal
Name Number Type
COPROCESSOR SIGNALS (continued)
—-ERROR387 43 I-TPU
—-BUSY387 42 i I-TPU
RES387 41 .0
WTKIRQ 47 I-TPD
IRQ13 100 (o}

BUS CONTROL SIGNALS

—CHREADY 104 10-CMOS
—CHS0/-MW 108 I0-CMOS
~CHS1/~-MR 102 I-CMOS
CHM/-IO 101 (¢]
-BLKA20 94 (o}

287 is a trademark of Intel Corporation

Error 387, active low - An input signal from the coprocessor indicating that
an error has occurred in the previous instruction. This signal is internally
gated and latched with —-BUSY387 to produce IRQ13.

Busy 387, active low - An input signal that is driven by the coprocessor to
indicate that it is currently executing a previous instruction and is not ready
to accept another. This signal is decoded internally to produce IRQ13 and
to control PEREQ386.

Reset 387, active high - This output is connected to the 387DX reset input.
It is triggered through an internally generated system reset or via a write to
port F1h. In the case of a system reset, the RESCPU signal is also
activated. A write to port F1h only resets the coprocessor. A software
FINIT signal must occur after an F1h generated reset before the coproces-
sor is reset to the same internal state that a 287™ is put into by a hardware
reset alone. Optionally, the F1h reset may be disabled by setting bit 6 of
MISCSET to 1.

Weitek 3167 Interrupt Request, active high.

Interrupt Request 13, active high - This signal is driven to the Bus Control-
ler to indicate that an error has occurred within the coprocessor. This
signal is a decode of the —-BUSY387 and —ERROR387 inputs ORed with
the WTKIRQ input.

Channel Ready, active low - This signal is issued by the Bus Controller as
an indication that the current channel bus cycle is complete. This signal is
synchronized internally then combined with ready signals from the
coprocessor and DRAM controller to form the final version of -READYO
which is sent to the CPU.

Channel Select 0/Memory Write, active low - This signal is a decode of the
386DX'’s bus control signals and is sent to the Bus Controller. When
combined with ~-CHS1 and CHM/~IO and decoded, the bus cycle type is
defined for the Bus Controller. Activation of HLDA reverses this signal to
become an input from the Bus Controller. It is then a —-MEMW signal for
DMA or bus master access to system memory.

Channel Select 1/Memory Read, active low - This signal is a decode of the
386DX’s bus control signals and is sent to the Bus Controller. When
combined with -CHS0 and CHM/-IO and decoded, the bus cycle type is
defined for the Bus Controller. Activation of HLDA reverses this signal to
become an input from the Bus Controller. It is then a -MEMR signal for
DMA or bus master access to system memory.

Channel Memory I/O - This signal is a decode of the CPU's bus control
signals and is sent to the Bus Controller. When combined with ~-CHS0 and
—CHS1 and decoded, the bus cycle type is defined for the Bus Controller.
Activation of HLDA reverses this signal to become an input from the Bus
Controller. It is then a-MEMR signal for the DMA or bus master to access
system memory.

Block A20, active low - An output driven to the Bus Controller to deactivate
address bit 20. It is a decode of the A20GATE signal and Port A bit 1
indicating the dividing line of the 1 Mbyte memory boundary. Port A bit 1
may be directly written or set by a read of I/O port EEh.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Description

Signal Pin Signal
Name Number Type
BUS CONTROL SIGNALS (continued)
BUSOSC 106 -TTL
BUSCLK 98 O-TTL
DMAHRQ 105 I-CMOS
DMAHLDA 99 o
-BRDRAM 95 (@]

OouT1 107 I-CMOS
PERIPHERAL INTERFACE SIGNALS
A20GATE 116 I-TTL
TURBO 115 I-TTL
-RC 114 I-TTL
SLEEP1 49 0-0D
SLEEP2 50 0-0D
SLEEP3 51 0-0D

BUS INTERFACE SIGNALS

XD7-XDo0 86-93 10-TTL
-DEN 53 (e}
-IOR 112 I-TTL
-Iow 113 I-TTL
RSTDRV 111 I-TTL

Bus Oscillator - This signal is supplied from an external oscillator. It is
supplied to the Bus Controller when the VL82C330's internal configuration
registers are set for asynchronous slot bus mode.

Bus Clock - This is the source clock used by the Bus Controller to drive the
slot bus. It is two times the AT bus clock (SYSCLK). It is a programmable
division TCLK2 or BUSOSC.

DMA Hold Request, active high - This signal is an input sent by the Bus
Controller. It is internally synchronized by the VL82C330 before used to
generate HRQ.

DMA Hold Acknowledge - An output sent to the Bus Controller that
indicates that the current hold acknowledge is in response to DMAHRQ.

Board DRAM, active low - An output to indicate that on-board DRAM is
being addressed.

Indicates a refresh request.

Address Bit 20 Enable - An input that is used internally along with Port A
bit 1 to determine if A20 is passed through or forced low. It also deter-
mines the state of —~BLKA20.

Turbo, active high - This input to the VL82C330 determines the speed at
which the system board operates. It is internally ANDed with a software
settable latch. When high, operation is at full speed. When low, CLK2 is
divided by the value coded in configuration register MISCSET. Turbo
mode is active only when all TURBO requests are active.

Reset Control, active low - The falling edge of this signal causes a
RESCPU signal.

Sleep Signal 1, active high - This pin is the logical OR of SLEEP[7] and
SLEEP[1]. The pin is always active while in sleep mode but can also be
controlled via software when sleep mode is inactive.

Sleep Signal 2, active high - This pin is the logical OR of SLEEP[7] and
SLEEP[2]. The pin is always active while in sleep mode but can also be
controlled via software when sleep mode is inactive.

Sleep Signal 3, active high - This pin is the logical OR of SLEEP[7] and
SLEEPI[3]. The pin is always active while in sleep mode but can also be
controlled via software when sleep mode is inactive.

Peripheral Data Bus - This bus is connected to the Bus Controller and.the
VL82C330. It is used to transfer data to/ffrom on-board 8-bit peripherals.

Data Enable, active low - This signal is an output to the Data Buffer to
enable data transfers on the local bus.

I/O Read, active low - Indicates that an 1/O read cycle is occurring on the
bus.

I/O Write, active low - Indicates that an I/O write cycle is occurring on the
bus.

Reset Drive, active high - This signal is used to reset internal logic and to
derive the RES386, and RES387.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

-MDLAT

52

BUS INTERFACE SIGNALS (continued)
o

Memory Data Bus Latch - This is an output signal to the Data Buffer. On
the rising edge, the Data Buffer latches the memory data bus. -MDLAT is
low anytime one of the CASBK signals is high. When low, the Data Buffer
latches are transparent.

Oscillator - This is the buffered input of the external 14.318 MHz oscillator.

oSsc 110 -TTL
TEST MODE PIN
~TRI 48 I-TPU Three-state - This pin is used to drive all outputs to a high impedance state.
When TRl is low, all outputs and bidirectional pins are high impedance.
POWER AND GROUND PINS
VDD 1, 8,31, 59, PWR Power Connections, nominally +5 volts - These pins should each have 0.1
uF bypass capacitors.
VSS 14, 33, 45, GND Ground Connection - 0 volts.
56, 61, 65,
70, 84, 97,
108, 128
SIGNAL TYPE LEGEND
Signal Code | Signal Type " Signal Code | Signal Type
TTL TTL level input | o CMOS and TTL level compatible output
I-TPD Input with 30k ohm pull-down resistor " 0-0D Open drain, output ‘
I-TPU Input with 30k ohm pull-up resistor O-TTL TTL level output
I-CMOS CMOS level input 10-CMOS CMOS level input/output
IO-TTL TTL level input/ouput GND Ground
IC-OD Open drain, output or CMOS input PWR Power
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FUNCTIONAL DESCRIPTION
DETAILED SUBSYSTEM
SPECIFICATIONS

The sections that follow cover detailed
operational information for the various
logical groupings of VL82C330 subsys-
tems. In most of these sections, the
effect of configurable elements that can
be controlled via internal I/O registers is
discussed at length. Operation of the
indexed /O registers is repeated in
summary form in the "Functional
Summary of Indexed Registers"”
section. However, some lesser
configurable functions are described
only in that section. Do not assume
that the information in that section is
discussed elsewhere.

CPU INTERFACE

The VL82C330 handles the top level
control interface between the synchro-
nous local and memory data bus and
the asynchronous slot data bus. It
intercepts the 386DX'’s bus status and
address signals, and decodes the bus
access. It then decides whether to
handle the bus request itself, or send it
off to the ISA Bus Controller.

Local Bus Accesses

The VL82C330 decodes the CPU bus
signals and addresses. If the decode
points to on-board memory, a bank
request is issued to the on-chip DRAM
controller. The DRAM controller then
delivers the appropriate signals to on-
board memory and returns a-READYO
signal. —READYO may be combined
with READY signals from the coproces-
sor or other external devices on the D
bus to form the final -READY signal
driven to the CPU.

If the system includes a cache control-
ler, the VL.82C330 allows the cache
controller to perform posted write cycles
to on-board memory. This allows the
CPU to continue with local bus cache
read hits after posting a cache write
through to memory. The Data Buffer

latches the write data via the cache
controller's posted cache write clock.
The cache controller then drives the
CPU control signals to the VL82C330
notifying the DRAM controller to write
the data to memory.

Slot Bus Accesses

The CPU makes slot bus accesses
when the VL82C330 decodes the
CPU's control signals as either an /0
cycle, INTA cycle, or an off-board
memory access (the latter includes
ROM accesses). In this case, the
VL82C330 latches and decodes the
CPU’s control signals and sends out
bus cycle status signals to the Bus
Controller. The Bus Controller handles
control of the slot transfer. The CPU is
prevented from executing another cycle
until the slot cycle is completed. During
a slot cycle, the ~-READY signal
returned to the CPU from the
VL82C330 is delayed until the Bus
Controller notifies the VL82C330 that it
has completed the data transfer via
—CHREADY.

Other CPU Interface

Bus arbitration is handled with the
VL82C330's DMAHRQ, DMAHLDA,
OUT1, HRQ, and HLDA signals. When
the VL82C330 receives an active
DMAHRQ (DMA hold request) from the
Bus Controller, it synchronizes the HRQ
(hold request) signal with the CPU clock
and relays it to the CPU. The CPU
responds with HLDA (hold acknowl-
edge) to the VL82C330 which then
delivers DMAHLDA to the Bus Control-
ler. When the system memory refresh
timer expires, HRQ is sent to the CPU
and HLDA is returned to indicate the
CPU has given up the bus for refresh
cycles.

Sixteen-bit transfers are handled by the
Bus Controller. There is no -BS16
signal in the CPU interface. The Bus
Controller decodes the —-BE3- ~-BEO

and CPU control signals. If it detects a
32-bit read bus access to 16-bit IO or
memory, it starts an internal state
machine. The state machine latches
the necessary information and provides
the consecutive bus cycle controls
necessary to complete the 32-bit
transfer. When four bytes have been
delivered to the CPU’s data bus, the
Bus Controller notifies the VL82C330
via—CHREADY. The VL82C330
signals the CPU, which then reads its
bus. For 32-bit slot bus write cycles,
the Bus Controller returns -CHREADY
only upon cycle completion. In this
case, the CPU sees one bus cycle
where there are normally two or more.

Reset control is supplied by the
VL82C330. The VL82C330 contains
the PS/2-compatible Port A. It contains
a bit that can be set to cause a CPU
reset. A second /O address is provided
to perform the same function. The latter
option is supplied for Special Features
compatibility. These two controls are
combined with an RC (reset control)
input and a RSTDRYV (reset drive) hard
reset to produce the synchronized
RESCPU (CPU reset) delivered to the
CPU. (Refer to the section "System
Reset Options" for details.)

Coprocessor interface is also supplied
by the VL82C330. If the system
contains a coprocessor, the interface
signals (-ERROR387, -BUSY387 and
PEREQ387) are sent from the
coprocessor to the VL82C330 and
decoded to produce the proper interface
signals for the CPU. This interface
provides PC/AT-compaitibility for use
with the 387DX. This interface also
supports the Weitek 3167.
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BUS CONTROLLER/SYSTEM

CONTROLLER INTERCHIP

COMMUNICATION CHANNEL

The asynchronous interface to the ISA
Bus Controller is handled by a group of
signals from the VL82C330. —CHSO,
—~CHS1, and CHM/-IO define which
type of cycle is to be excuted as in the
table below.

CHM/-I0

~CHS1

~CHS0

Bus Cycle

0

0

—INTA

0

-IOR

-

-low

0
0
0

Reserved

-

—REFRESH

-

ol o

-MEMR

-

-MEMW

Reserved
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ISA Bus Clock Control
Data Port
EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO
MISCSET (14) FX F1 MBIOS Slow Bus Bus
Enable Ctrl CLK2 Clock Mode
Divider Divider

The VL82C386 chip set is capable of
supporting AT slot bus operation
asynchronous with respect to the CPU
clock. Though the ISA Bus Controller
actually drives the slot bus, the
VL82C330 is programmed for the
specified mode and sources the
required clock to the ISA Bus Controller.
Whether synchronous or asynchronous
modes, the VL82C330 synchronizes the
command interface between itself and
the ISA Bus Controller to BUSCLK.

BUSCLK is the AT bus clock provided
to the ISA Bus Controller by the
VL82C330. It runs at twice the final AT
slot bus frequency. MISCSET, shown
above, is one of the indexed configura-
tion registers. The lower three bits
control sourcing of BUSCLK to the ISA
Bus Controller. Bit 0 sets synchronous
or asynchronous mode. When setto 1,
asynchronous mode is selected and the
BUSOSC input is routed to the pro-
grammable divider. When setto 0,

TCLK2 is output to the driver. Bits 1
and 2 of MISCSET provide for a
programmable BUSCLK divider.

Values of bit 1 and 2 provide for division
from one to four, respectively. The
programmable BUSCLK divider must
be set to provide a BUSCLK of 2X the
desired bus frequency. When a 16
MHz external oscillator is used, a +1
results in 8 MHz bus operation. Power-
on reset defaults to +4, synchronous
mode. See the section "Functional
Summary of Indexed Registers" for
more details.

Further programmability of bus timing is
afforded by the ISA Bus Controller.

DRAM SUBSYSTEM DESCRIPTION
The VL82C330 supports up to 64 Mbyte
of DRAM on the system board in four
32-bit banks. Each byte contains its
own parity bit for a total of 36 bits per
bank. A single bank can consist of
256K, 1M or 4M DRAMs.

The parts used in multiple banks can
consist of all one DRAM type or
mixtures of any two types. It is not
possible to use all three types in a

single system simultaneously and not
all combinations of any two types are
supported. The section "Page Mode/
Interleave Subsystem Overview" shows
the valid options.

The VL82C330 supports four banks by
providing four -RASBK signals, four
CASBK signals, and four LBE lines. By
applying the latter eight signals to four
74F00's, the 16 CAS lines required to
drive four banks are generated.

Several configuration registers internal
to the VL82C330 are used to control the
memory map, DRAM timing and page
mode. These features are discussed in
the following sections. Since interleav-
ing requires pairs of banks, various
controls described next act on memory
in bank pairs. The short hand notation
Bank A is used when describing
something that affects DRAM banks 0
and 1 as a set. Similarly, Bank B is
used to describe DRAM banks 2 and 3
as a set.
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Memory Maps

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
RAMMAP (3) 1 1 1 DRAM Memory Map Code

The VL82C330 supports 24 memory
maps and two special cases. These
maps are shown in Table 1. The table
shows the DRAM combinations that are
addressable in each of four 32-bit
memory banks. The memory column
shows the total system memory
available in each memory map. The
RAMMARP (4-0) column indicates the
hex value written in bits 0 through 4 of
the RAMMAP indexed configuration
register in order to select each map. It
should be noted that banks 0 through 3
in Table 1 refer to the "logical” banks as
internally addressed by the VL82C330.
The actual system board memory banks
accessed by the internal signals may
differ depending on the value stored in
indexed configuration register
RAMMOV. See the section "DRAM
Remap Options" for more details.

TABLE 1. DRAM MEMORY MAPS SUPPORTED

Bank 0 Bank 1 Bank2 | Bank3 | Memory MB RAMMAP (4-0)
256K (1.38) 1.00 (1F9) 0
256K 256K (2.30) 2.00 (1E") 1
256K 256K 256K 3.00 2
256K 256K 256K 256K 4.00 3

M 4.00 4
256K ™M 5.00 5
256K 256K ™ 6.00 6

M M 8.00 7

M ™ 256K 9.00 8
256K 256K 1M M 10.00 9

M M iM 12.00 A

M M M M 16.00 B

4M 16.00 [}
256K 4M 17.00 D
256K 256K 4M 18.00 E

iM 4M 20.00 F

M iM 4M 24.00 10

4M 4M 32.00 1

4M 4M 256K 33.00 12
256K 256K 4M 4M 34.00 13

4M 4M M 36.00 14

M M 4M 4M 40.00 15

4aM aM 4M 48.00 16

4M 4M 4M 4M 64.00 17

*1Eh and 1Fh are special case memory maps. The 384K of DRAM above 640K are
accessed as extended memory. EMS and shadow RAM are unavailable in this
mode. Memory map Oh allows EMS and shadowing, but no extended memory. All
other memory maps can support EMS, extended, and expanded memory as desired.
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DRAM Remap Options

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
RAMMOV (04) 1 1 1 1 RAS - CAS Swap Code

The RAMMARP register described in the
previous section shows 26 distinct
memory maps that are available in a
TOPCAT based system. Those are
actually logical memory maps. The
addition of the RAMMOV function
provides 16 different ways to map the
logical maps into the four possible
physical DRAM banks. The combina-
tion of these two register functions
provides a large number of unique ways
to create a valid TOPCAT memory
map. This capability provides two key
features for the end user.

Easier DRAM Memory Upgrades
The physical DRAM banks need not be
populated in the same order as would
normally be dictated by the RAMMAP
options alone. One example of when
this is useful is the case where a
system with one bank of 1M DRAMs is
upgraded by adding a second bank of
256K DRAMSs. Without the RAMMOV
feature, it would be necessary to
remove the 1M DRAM bank and move
it to physical bank 1 then put the 256K
DRAMs in physical bank 0. Using
RAMMOV allows the 1M DRAMs to be
left in place. The 256K DRAMs may be
placed in any of the three available
physical DRAM banks remaining. The
proper RAMMOV code is then pro-
grammed so that the logical memory
map (RAMMAP=5h) is correctly routed
to the proper physical DRAM devices.

DRAM Error Recovery

In case of a partial or total DRAM bank

failure, the remaining functional DRAMs
can be switched into an alternate, valid

logical memory map by reprogramming

RAMMOV and RAMMARP together.

Table 2 shows the sixteen logical to
physical mappings that are available.
In the top row of this chart, the numbers
3,2,1 and 0 directly under "DRAM
BANK MAPPING" refer to the four
physical DRAM memory banks. In the
sixteen rows beneath, the code that
must be programmed into the
RAMMOV register bits 4-0 is shown on
the left side of the chart. On the right
side is shown the logical bank that is

TABLE 2. REMAP CONFIGURATION REGISTER CODE

DRAM
RAMMOYV Code Bank Mapping
D3 D2 D1 DO| 3 2 1 0 Physical DRAM Banks
0o 0 0 0|3 2 1 o0
o 0o o 1|3 o 2 1
o 0 1 o3 1 2 o
o o 1 13 o 1 2
o 1 o o3 1 o0 2
o 1 0o 1]l2 3 o0 1
o 1 1 ofl2 1 o 3
0 1 1 1 2 0 1 3 Logical DRAM Banks
1 0 0o o|1 3 2 0
1 0o 0o 1|1 2 3 0
1 0 1 of1 o0 2 3
1 0 1 10 3 2 1
i 1 0 ojo 2 3 1
i 1. 0 10 2 1 3
i 1 1 o]0 1 3 2
11 1 1]0 1 3
EXAMPLE: UPGRADING FROM ONE 1M DRAM BANK TO ONE 1M ANDONE 256K BANK
RAMMAP= 5 RAMMOV =5
LOGICAL BANKO »—>| BANKO=1MDRAMS |
> P
Ry AL BANKY L aan S—>[BANK 1 - 256K DRAWS]|
SHRRL | oson. s | R
- - o—=| BANK2=EMPTY |
LOGICALBANK3 | . 7 N —’l BANK 3 = EMPTY I

mapped to the corresponding physical
bank shown in the top row.

As an example, consider RAMMOV
code 0001b shown in Table 2. Ac-
cesses to logical bank 3 are directed to
physical bank 3. Accesses to logical
bank 0 are directed to physical bank 2.

Accesses to logical bank 2 are directed
to physical bank 1. Accesses to logical
bank 1 are directed to physical bank 0.

Note that when RAMMOV = 0000b, the
default condition, the logical banks are
directed to the same physical bank
numbers.
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Page Mode/Interleave Subsystem Overview

Data Port

EDh (R/W) D7 De D5 D4 D3 D2 D1 Do
AMSET (05) | DRAM Drive [ESTART| 1 Page Page | Bank | Bank

R 09) Mode A | Mode B| Alint | Bint

In order to raise performance and
decrease system cost, both page mode
and interleave operation are available
on the system board DRAM. Options
are selected by programming of
RAMSET and RAMMAP configuration
registers. Page mode is enabled or
disabled for each pair of DRAM banks
independently. When on, it is active on
all memory maps for the enabled bank
pairs. Interleaving requires pairs of
banks. Detailed operation of each is
given in the following sections.

Interleave Operation

Two-way interleaving is automatically
enabled whenever both banks of a pair
are populated with like DRAM types. If
all four banks are populated with like
DRAMSs, four-way interleaving automati-
cally occurs if both bank pairs are
programmed to interleave on the same
bit. If not, two-way interleaving occurs.
If the four banks are not populated with
like DRAMS, two-way interleaving
occurs on pairs that are of the same
type. In a machine with three banks
populated, the first two banks two-way
interleave if they are of the same type.
The third does not interleave. Table 3
shows the automatic interleaving
options that occur versus the number of
populated banks. All combinations not
shown are unsupported. Table 3 also
shows that 0, 1, 2, and 3 are the
designations for each of the four DRAM
banks. In the columns below these
designators, "Yes" or "No", indicate
whether the bank is populated. There is
no configuration register programmabil-
ity for enabling the interleave mode. All
interleaving options (none, two-way, or
four-way) occur automatically as the
result of the memory map programmed
into RAMMAP.

While the use of interleave is automatic
and not programmable via the configu-
ration registers, it is possible to select
which bit is used for interleaving.
Configuration register RAMSET bit 1
programs the Bank A interleave and bit
0 programs the Bank B interleave.

TABLE 3. AUTOMATIC INTERLEAVE VS MEMORY MAP

Bank Bank
0 1 A Bank Address Mode 2 3 B Bank Address Mode
Yes | No Linear No |No N/A
Yes | Yes | 2-Way Interleave No |No | N/A
Yes | Yes | 2-Way Interleave Yes | No | Linear
Yes | Yes | 2-Way Interleave 0 and 1* | Yes | Yes | 2-Way Interleave 2 and 3*

*This is for the case where Banks A and B contain different types of DRAMs. For
memory maps 05h, 0Bh, and 17h, all four banks contain the same DRAM type and
four-way interleaving is used if both bank pairs interleave on the same bit.

When set to 0, interleave occurs on bit
2. This is called "word interleaving”.
When set to 1, interleave occurs on bit
11 regardless of DRAM types used.
This is called "block interleaving”.
When all four DRAM banks are
populated with like part types and bit 0
and bit 1 are set differently, two-way
interleaving occurs. When they are the
same, four-way interleaving occurs.

Tables 4, 5, and 6 show how the CPU
address lines are used to accomplish
the interleave options possible with the
three supported DRAM types. The top
portion of each table shows the CPU
address lines that are strobed onto
MAO0-MA10 by CASBK, the column
address strobe. The middle portion of
each table shows the CPU address
lines strobed onto MA0-MA10 by
—RASBK, the row address strobe. The
bank select box shows the CPU
address bit(s) used for interleaving.
The bank enable decodes further
qualify whether the CPU address is in
the range of current memory map.

Page Mode Operation

Interleaving operates independently of
page mode. Once the desired inter-
leave bits are set, the remaining
interleave modes are automatically
selected by the programmed memory
map. Page-mode control is given by

two configuration register bits in the
RAMSET register. Bit 3 =1 enables
page-mode operation on DRAM banks
0and 1. Bit 2 = 1 enables page-mode
operation on banks 2 and 3.

When activated for a bank pair, page
mode is active whether one bank or
both are populated. When four-way
interleaving is active it is possible to
have page mode active on either,
neither, or both DRAM bank pairs. This
does not impact the automatic interleav-
ing, though it impacts performance.

When pairs of banks are installed,
interleaving is automatically enabled.
The combination of page mode with
interleaving results in the best possible
combination of fast system memory
operation using the most cost effective
DRAMs. When accesses interleaved
between banks occur, CASBK pre-
charging of the next bank to be ac-
cessed occurs while CASBK is active
on the current bank. This has the effect
of multiplying the effective page size by
the number of banks being interleaved,
thus increasing the odds of page hit
cycles.
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TABLE 4. 256K DRAM INTERLEAVE MAPPING
No 2-Way 4-Way Memory
Interleave Block Word Block Word Address
4 4 4 4 4 0
5 5 5 5 5 1
6 6 6 6 6 2
Column 7 7 7 7 7 3
Address 8 8 8 8 8 4
9 9 9 9 9 5
10 10 10 10 10 6
2 2 11 2 11 7
3 3 3 3 12 8
- - - - - 9
- - - - - 10
19 19 19 19 19 0
18 18 18 18 18 1
17 17 17 17 17 2
Row 16 16 16 16 16 3
Address 15 15 15 15 15 4
14 14 14 14 14 5
13 13 13 13 13 6
12 12 12 21 21 7
11 20 20 20 20 8
- - - - - 9
- - - - - 10
Interleave - 11 2 11 2
Bits - - - 12 3
20 - - - -
21 21 21 - -
gﬁ;‘g,s 22 2 2 | 2 22
Decodes 23 23 23 23 23
24 24 24 24 24
25 25 25 25 25

Note: For tthe 256K options: CA[10]=A13 for RAMMAP=13; A12 for all others.
CA[9]=A11 for RAMMAP=9, 13; A10 for all others.
RA[10]=A24 for RAMMAP=D, E; A23 for all others.
RA[9]=A22 for RAMMAP=5, 6; A21 for all others.
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TABLE 5. 1M DRAM INTERLEAVE MAPPING
No 2-Way 4-Way Memory
Interleave Block Word | Block Word Address
4 4 4 4 4 0
5 5 5 5 5 1
6 6 6 6 6 2
Column 7 7 7 7 7 3
Address 8 8 8 8 8 4
9 9 9 9 9 5
10 10 10 10 10 6
2 2 11 2 1 7
3 3 3 3 12 8
11 12 12 13 13 9
- - - - - 10
19 19 19 19 19 0
18 18 18 18 18 1
17 17 17 17 17 2
Row 16 16 16 16 16 3
Address 15 15 15 15 15 4
14 14 14 14 14 5
13 13 13 23 23 6
12 21 21 21 21 7
20 20 20 20 20 8
21 22 22 22 22 9
- - - - - 10
Interleave - 11 2 11 2
Bits - - - 12 3
22 - - - -
Bank 23 23 23 - -
Enable 24 24 24 24 24
Decodes 25 25 25 25 25

Note: For 1 Megabyte options:  CA[10]=A13 for RAMMAP=15; A112 for all others.
RA[10]=A24 for RAMMAP=F, 10; A23 for all others.
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TABLE 6. 4M DRAM INTERLEAVE MAPPING

No 2-Way 4-Way Memory
Interleave Block Word Block Word Address
4 4 4 4 4 0
5 5 5 5 5 1
6 6 6 6 6 2
Column 7 7 7 7 7 3
Address 8 8 8 8 8 4
9 9 9 9 9 5
10 10 10 10 10 6
2 2 11 2 11 7
3 3 3 3 12 8
11 12 12 13 13 9
12 13 13 14 14 10
19 19 19 19 19 0
18 18 18 18 18 1
17 17 17 17 17 2
Row 16 16 16 16 16 3
Address 15 15 15 15 15 4
14 14 14 25 25 5
13 23 23 23 23 6
21 21 21 21 21 7
20 20 20 20 20 8
22 22 22 22 22 9
23 24 24 24 24 10
Interleave - 11 2 11 2
Bits - - - 12 3
Bank
24 - - - -
Enable
Decodes 25 25 25 - -
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Programmable Memory Timing

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
RASTMA RAS tRCD tRP tRAS
(07) ADDSEL

CASTMA (08) tCASW tCST tcP tCASR
RASTMB RAS tRCD tRP tRAS
(09) ADDSEL

CASTMB (0A) tCASW tCST tCcP tCASR

System board memory timing for this
chip set is not specified in wait states.
Instead, each of the critical DRAM
timing parameters is specified as a
number of programmable clock cycles.
This allows virtually unlimited flexibility
in matching DRAM specs to system
CPU speed. The number of wait states
for the system is whatever falls out of
the programmed parameters. Banks A
and B are programmed separately.
This allows a user who later adds
memory to maximize the speed

advantage of faster parts when these
chips are accessed. Conversely, a user
can add slower parts for a cost savings
without slowing down accesses to the
entire memory system.

Four configurations registers are used
to program the DRAM timing parame-
ters. RASTMA allows programming of
RAS ADDSEL delay, tRCD, tRP, and
tRAS parameters for banks 0 and 1.
RASTMB performs the same functions
for banks 2 and 3.
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FIGURE 2. -RASBK/CASBK TIMING MODEL

1 |< tRP ..l ’4 tRAS >|
passk o/ \I
tCcP

o !
1

|<— {RCD —— |t 1CAS »]

CASBK

FIGURE 3. CASBK START TIME (tCST) TIMING MODEL

}: t1ortiP

Y
\

t2 or t2P

CLK2 0 ‘ | | | l I I I I

tCST = 0 1 2 3 * 4 ‘
cAsBk 1 n
0 X X
Note: tCST applies to write cycles only and always equals 3, or 4. During read cycles CASBK start time defaults to zero CLK2s if

RAMSET bit 5 (ESTART) is programmed active (0) or one CLK2 if ESTART =1. This is the earliest time CASBK can start.
Actual CASBK start time may be delayed due to CASBK pre-charge time or RAS to CAS delay time not yet met.

FIGURE 4. -RASBK TO ADDRESS SELECT TIMING MODEL

owe of L[ L[ L I 1T
—RASEK to ADDSEL = 0.5 * 1 *

-RASBK 0 \

ADDSEL ¢ AN AN

Note: Address Select can be programmed to switch MA lines 1/2 CLK2 or one CLK2 cycle after -RASBK.
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FIGURE 5. NON-PAGE MODE, TWO-WAY INTERLEAVE, NON-PIPELINED
|: READ =l< WRITE =l
——To— bl T1 Bt T2t T2t T2t T2t T | —P{t— T2t — T2t T2t T2—
CLK2 |
o I LI I
oo M. | I)( | | | | |x | | 1 | !
- - = s VALID VALID
A1, A29, [ ' | T | | ' 1 T T I ’
A26-A2 | | | [ [ | | I ! | |
W-R | l T T T T
l | | | l I | | 1 | !
-ADS | [ E— | | | JE—— | ! | !
-Reaovo 1 ] | | | [ — | | | [ E—
. l ,! | | | | | | ! | l
-RASBKO ! | i
| ! | | | | ! | | | | |
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-RASBK1
|__|'| | | | | | | | | | l
CASBIT | | .l ! ! ! ' ! g | l |
| | |
MA10-MAO I)C>Q=x'ow X ~CoLoN S} Row X COLUMN I
|

l l I I ! | |

This diagram shows a read and write cycle with on-board memory on the MD bus. Signals shown are for a two-way interleaved
cycle to the first two banks of system memory in non-pipelined mode. The ~RASBK and CASBK signals can be shaped and
moved in time in increments of CLK2 by varying the programmable timing values.
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FIGURE 6. PAGEMODE, PAGE HITS, PIPELINED, TWO-WAY INTERLEAVED

L — READ J‘ WRITE -l READ ——-——->|
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|
CASBKO L
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|
; |
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This diagram shows read and write cycles for page mode, page hit operations. Two-way interleaving is shown on the first two
memory banks for a pipelined cycle. The -RASBK and CASBK signals can be shaped and moved in time in increments of CLK2
by varying the programmable timing values.
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FIGURE 7. DRAM BLOCK TIMING - PAGE MODE ON (PAGE MISSES)
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This diagram shows a read and write cycle for page mode, page miss operations. The -RASBK and CASBK signals can be
shaped and moved in time in increments of CLK2 by varying the programmable timing values.
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Power-up Defaults

The DRAM system resets to a default
state on power-up that allows any
configuration to run, although it is a less
than optimum state until BIOS or POST
configures the registers with desired
values. The defaults are:

« One bank of 256K DRAM

« Direct mapping from logical to
physical DRAM banks

» Page mode on

« Timing for 100 ns DRAMs in 33 MHz
system

Hold Request Arbiter

The hold request arbiter is used to
select between the two possible
sources for a hold request to the CPU.
A hold request can be generated by
either DMAHRQ or OUT1 going active.

At the end of a hold request from either
source, the arbiter checks to see if the
other source is still requesting a hold. [f
it is, the arbiter gives an acknowledge
signal to that source and leaves the
HRQ line active. This continues as long
as one of the two sources is requesting
a hold. Only if neither source is
requesting a hold does the arbiter
negate the HRQ signal and return
control back to the CPU. The acknowl-
edge to the DMA is via the VL82C330's
DMAHLDA output. The acknowledge
signalling for refresh is more complex
due to the coupled and decoupled
refresh modes. In coupled mode, an
acknowledge occurs in the form of an
active signal on the VL82C330's
—REFRESH pin. A completely different
mechanism is used in decoupled
refresh mode. See the sections on
"refresh" for details.

System Board DRAM Refresh
The VL82C330 performs on-board
DRAM refresh and controls both on-
and off-board refresh timing in all

Programmable Refresh Control

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

REFCTL (06) | Decup Slow Refresh 10/16 Slow Refresh
Divider-System Board 10 Divider-Slots

modes. Refresh may be performed in a
coupled mode or decoupled mode. In
coupled mode, refresh timing for both
system board and slot bus refreshes is
performed in a synchronous manner. In
decoupled mode, the VL82C330 has
complete control over the timing of on-
board DRAM refresh and off-board
refresh but the timing of each is
independent.

When set to coupled refresh mode (D7
= 0), the VL82C330 refresh circuitry
controls system board refresh and slot
bus refresh in a synchronous manner.
In that mode, the division specified by
bits 0 to 2 applies to on- and off-board
refresh and bits 4 to 6 have no effect.
Only in decoupled mode (D7 = 1) do the
three bits 4 to 6 of the VL82C330's
REFCTL register apply. In decoupled
mode, the VL82C330 refreshes the on-
board DRAM independent of the Bus
Controller's refresh of the slot bus
resident memory. It uses the division
rate specified in those bits while the slot
bus refresh is performed at the rate
specified by the code in bits 0 to 2.
Refer to the section "Sleep Mode
Control Subsystem" for the range of
refresh division mapped to the three bits
0 to 2 and the three bits 4 to 6.

Coupled Refresh Control

This is the PC/AT-compatible refresh
mode. If bits 0 to 2 of the REFCTL
register are set to their default value of
Oh, the15 pusec compatible timing is
used. Other valid values, as specified

in the section "Sleep Mode Control
Subsystem," cause the refresh to occur
at a slower rate in support of newer, low
power, slow refresh DRAMs. These
slower rates are all divisions of the
normal 15 psec timer provided by the
Bus Controller on pin OUT1.

In sleep mode, CASBK before -RASBK
refresh may be used for on-board
memory. This significantly reduces
power requirements. The DRAMs
generate their own refresh addresses
internally. Therefore, the VL82C330 is
not required to drive the memory
address bus during refresh. When not
in sleep mode, ~RASBK-only refresh
mode is used.

Decoupled Refresh Control
Decoupled refresh mode provides
advantages to the user. It allows
system board memory and slot memory
to be refreshed at different rates. This
is useful if slow refresh DRAMs are
used in one location and not the other.
More importantly, it lowers the refresh
overhead rate. System board refreshes
are performed during slot bus cycles.
Therefore, it is not necessary to add
refresh cycles and their attendant
overhead. Similarly, when the
VL82C330 instructs the Bus Controller
to perform a slot bus refresh, it can then
allow the CPU to continue execution.
Only if the CPU requires a slot bus
access during this time, will refresh
overhead occur.
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SLTPTR - Critical Memory Control Element

Note: The slot pointer must point to 1M

or higher (210h) if use of the EMS
backfill registers is required. Pointing
SLTPTR below 640K and using the
backfill registers is incompatible.

Data Port
EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
SLOTHI (01) 1 1 1 1 1 1 A25 | A24

Therefore, any time the SLTPTR is set
between 00h and 09h the EMS backfill

SLOTLO (02) | A23 A22 | A21

register enable bit in configuration
register EMSEN1 is cleared. A smart

A20 A19 A18 A17 A16

The two indexed configuration registers
SLOTHI and SLOTLO in combination
are referred to as SLTPTR. They
represent a pointer to a 64K memory
boundary between 256K and 64M. Ten
bits are required to specify this range.
They are used to compare to address
lines A16-A25. SLTPTR sets the 64K
boundary above which CPU addresses
are directed to the AT slot bus. Any
system board memory from 1 Mbyte up
to SLTPTR is accessible as on-board
extended memory. Slot bus DRAM
extended memory resides from
SLTPTR up to 16 Mbytes. If the
SLTPTR is greater than 16 Mbytes, no
slot accesses are made above SLTPTR
since the required address lines for this
capability are not available on the slot
bus in an ISA system. The VL82C330
prevents aliasing of the slot bus
extended memory space for CPU
addresses above 16 Mbytes.

When the on-board EMS backfill system
is disabled SLTPTR can also be set
below 1 Mbyte. At least one bank of
256K RAMs must be on the system
board on reset for a physical memory
size of 1 Mbytes. The minimum valid
value for SLTPTR is 0004h to allow slot
memory cards, especially EEMS
capable boards, to backfill down to
256K instead of using the built-in EEMS
system. However, any value between
0004h and 0009h makes the portion of
system board DRAM from that address
to AOOOOH inaccessible when the on-
board EMS system is inactive. The set
of valid values for slot DRAM access is
0004h-03FFh.

Exceptions to the above are SLTPTR
values 000Ah through 000Fh whose
access is determined by the configura-
tion of indexed registers AAXS, BAXS,
CAXS, DAXS, EAXS, and FAXS

BIOS setup routine does not allow this
condition in actual operation. See the
section "Shadow Ram Subsystem" for
more details. Also see the description
of the additional memory control feature

described in the "Shadow Ram Subsys-
tem" and "Sleep Mode Control Subsys-
tem" sections. Therefore, setting
SLTPTR between 000Ah and O00Fh is
treated the same as if the value were
0010h. Default = 03FFh indicates that
no slot accesses occur.

TABLE 7. EFFECT OF SLTPTR WITH EMS

SYSTEM ENABLED
Slot Pointer Location Effect
256K-640K EMS backfill register automatically disabled. EMS
page registers remain operational.
CPU addresses 0 to SLTPTR are on-board accesses.
CPU addresses SLTPTR to 16M are slot accesses.
On-board memory > SLTPTR = EMS page memory.
640K-1M Not allowed. Respond as if Slot Pointer = 0010h.
000Ah-000Fh (See next case.)
1M-16M CPU addresses 0 to 640K is system board (DOS)

0010h-0100h memory if backfill is not enabled, else 0 to 256K is

system board memory.

CPU addresses 1M to SLTPTR are system board
extended memory accesses.

CPU addresses from SLTPTR to 16M accesses slot
bus, extended memory.

EMS translation accesses system board RAM from
SLTPTR to RAM top. Also system board RAM
from 256 to 640K if backfill EMS is enabled.

CPU addresses from 0 to SLTPTR are system
board accesses.

16M-64M
0100h-03FFh

EMS translation accesses system board RAM from
SLTPTR to RAM top. Also system board RAM
from 256 to 640K if backfill EMS is enabled.

Note: Table 7 does not mention what occurs for accesses between A0000h and
FFFFFh. When EMS is off, the result of CPU accesses to this memory region is
determined solely by configuration of registers AAXS, BAXS, CAXS, DAXS, EAXS,
and FAXS. When the EMS system is enabled, the active EMS registers between
CXXXXh and EXXXXh override the settings in any areas that overlap the configura-
tions in CAXS, DAXS, and EAXS. CPU addresses that fall in the realm of EMS
register control are not directly passed to the slots or the system board. The
addresses are translated and access reserved areas of system board DRAM above
SLTPTR. Table 8 summarizes the rules that are followed for all cases.
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EMS Subsystem

Data Port

EDh(RW)| D7 D6 D5 D4 D3 D2 D1 DO

EMSEN1 | EMS | BF |Reserved| EMS | B/EC000| B/ES000] B/E4000] B/EC00D
(oB) Enable |[Enable| MAP

E':gsc'i"‘z DC000|D8000| D4000 |D0000]A/CCO00| A/C8000| A/C4000 | A/CO000

The EMS system consists of 72
mapping registers. They are split into a
standard and alternate set of 36
registers each. The VL82C386 chip set
supports the full LIM EMS 4.0 specifica-
tion with any of the valid memory maps
of 1 Mbyte and higher. The alternate
register set allows rapid hardware
context switching. Note that the
VL82C386 chip set is capable of
translating addresses via the EMS
registers over the entire 32 Mbyte range
of possible system board memory.

The EMS system is split into two parts,
the 12 EMS page registers which cover
the range from C0000h to EFFFFh and
the 24 backfill registers that cover
40000h to 9FFFFh. Bit D7 of configura-
tion register EMSENT1 is a global enable
for the EMS page registers. Each of
the 12 registers can then be individually
disabled if there are system address
conflicts. Bits 0 through 7 of EMSEN2
and bits 0 through 3 of EMSEN1
provide this function. The 24 EMS
backfill registers are enabled by setting
bit 6 of EMSEN1. These registers are
all enabled or all disabled. No individ-
ual control is provided. If a full LIM
EMS 4.0 system is desired, both bits 6
and 7 of EMSENT1 are set as are the
desired EMS page register enable bits.

Note that when EMS enable, bit 7 = 0,
the state of BF enable, bit 6, has no
effect on the system.

The normal EMS page register mapping
to CO000h-EFFFFh can be altered by
changing EMSEN1 bit 4 from O to 1. In
this case, the 12 page registers map to
AXXXXh, DXXXXh, and BXXXXh in that
order. In this case, EMSENT1 bits 3
through 0 work to enable or disable the
BXXXXh registers rather than the
EXXXXh registers. Similarly, EMSEN2
bits 3 through 0 work to enable or
disable the AXXXXXh registers rather
than the CXXXXh registers.

When the backfill EMS registers are not
used, the EMS driver allocates all
memory above SLTPTR for EMS page
memory. It also can use the system
board memory at the same addresses
as the enabled EMS page registers and
any other 16K segments in the AO0O0Oh
to BC0O0OOh and FO000h to FCO00h
areas for which the shadow code is 00b
as set in configuration registers AAXS,
BAXS, and FAXS. When the backfill
registers are active, EMS pages can
also be allocated for all system board
memory from 40000h to 9FFFFh.
There is no wasted DRAM in a
VL82C386-based system. All memory

not allocated for other purposes can be
used as expanded memory.

The SLTPTR has critical effects on the
EMS system. Only one effect is
hardware related. When SLTPTR is set
to a value from 0004h to 0009h, bit 6 of
EMSEN1 is cleared. This disables the
EMS backfill registers. Placement of
SLTPTR is otherwise used by the EMS
driver to determine the area of memory
that can be allocated for use as EMS
pages. Table 7 summarizes the effect
of SLTPTR on the EMS system.

The EMS driver also interacts with the
shadow control system through
configuration registers AAXS through
FAXS. Any enable EMS page registers
override the shadow control in their
respective 16 Kbyte ranges. System
board memory at the same address
range as the EMS page registers can
be allocated to the EMS memory pool
by the EMS driver software. In addition,
other non-EMS 16K segments can be
allocated to the pool if they are not
shadowed or otherwise in use. This is
determined by the two shadow control
bits for a specific segment. When the
bits are 00b, the system board memory
may be allocated to the pool. Table 8
summarizes the interaction between
EMS and shadow control.
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TABLE 8. INTERACTION BETWEEN EMS AND SHADOW CONTROL

EMS Enable EMS Page

(Bit 7) Enable Shadow Control Effect
0 Don't Care 0 0 R/W slot bus or ROM chip selects.
1 0 Read system board or write slot (shadow).
1 1 R/W system board.
0 1 Read slot or ROM chip selects, write system board.
1 0 (Note 1) 0 0 CPU accesses slots, EMS may access on-board DRAM.
1 0 Shadowed, EMS does not use.
1 1 Used by other resource, EMS driver does not allocate.
0 1 Setup mode active. EMS driver does not allocate (Note 2).
1 1 (Note 3) X X EMS overrides use of this area. CPU accesses translated by EMS.
System board DRAM used by EMS memory pages.

Note 1:

Note 2:

Note 3:

This case not only applies to the areas from C0000h to EFFFFh for which the EMS enable bit is turned off, but also to
the A000Oh to BFFFFh and FO000h to FFFFFh areas of memory.

When an EMS driver is installed this case should not exist. A shadow setup routine uses this code. It then changes it to
10b to enable the shadow feature. However, if an EMS driver sees this code, it does not allocate the system board
DRAM in this area.

In the areas where active EMS registers reside in the CXXXXh to EXXXXh area, the control bits are overridden. Any
CPU accesses to this memory space are translated and the system board memory at these addresses is allocated to the
EMS page memory pool.
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TABLE 9. EMS INDEX REGISTER AND DATA PORT MAP

E8h
Index Port D7 D6 D5 D4 D3 D2 D1 DO

Set # Auto-inc| A5 A4 A3 A2 A1 A0

0=Std 0 = Off

1=Alt 1=0n
Data | Page Data Port EBh Data Port EAh
Port | Segment|D15|D14|D13| D12|D11/D10{ D9 | D8 D7 | D6 | DS | D4 | D3 D2 | D1 | DO
0 C0000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 | A17 |A16 |A15 |A14
1 C4000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
2 C8000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
3 CC000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 | A15 |A14
4 D0000 1 1 1 1 |A25 | A24 | A23 |A22 |A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
5 D4000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
6 D8000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
7 DCO000 1 1 1 1 |A25 | A24 | A23 | A22 |A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
8 E0000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
9 E4000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
A E8000 1 1 1 1 |A25 | A24 | A23 | A22 |A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
B ECO000 1 1 1 1 | A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
C 40000 1 1 1 1 |A25 | A24 | A23 |A22 |A21 |A20 |A19 |A18 |A17 |A16 |A15 |A14
D 44000 1 1 1 1 |A25 | A24 | A23 | A22 |A21 |A20 |A19 |A18 |A17 |A16 |A15 |A14
E 48000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
F 4C000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 | A19 |A18 | A17 |A16 |A15 |A14
10 50000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
11 54000 1 1 1 1 JA25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
12 58000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 | A17 |A16 |A15 |A14
13 5C000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
14 60000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 |A15 |A14
156 64000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
16 68000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
17 6C000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 |A20 |A19 |A18 |A17 |A16 |A15 |A14
18 70000 1 1 1 1 |A25 | A24 |A23 | A22 | A21 | A20 | A19 |A18 | A17 |A16 |A15 |A14
19 74000 1 1 1 1 |A25 |A24 | A23 | A22 | A21 |A20 |A19 |A18 |A17 |A16 |A15 |A14
1A 78000 1 1 1 1 |A25 | A24 | A23 [A22 |A21 |A20 [A19 |A18 |A17 |A16 |A15 |A14
1B 7C000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
1C 80000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
1D 84000 1 1 1 1 |A25 | A24 | A23 |A22 |A21 | A20 |A19 | A18 |A17 |A16 |A15 |A14
1E 88000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
1F 8C000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
20 90000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
21 94000 1 1 1 1 |A25 | A24 | A23 |A22 | A21 | A20 | A19 |A18 |A17 |A16 |A15 |A14
22 98000 1 1 1 1 |A25 | A24 | A23 | A22 | A21 | A20 |A19 |A18 |A17 |A16 |A15 |A14
23 9C000 1 1 1 1 |A25 | A24 | A23 | A22 |A21 |A20 |A19 |A18 | A17 |A16 |A15 |Al14

Note: A 1 indicates reserved bits that read back as logic 1.
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Table 9 shows a programmer's model
of the register set. The register set is
accessed by writing a command byte to
the index register located at I/0 address
E8h. Bits DO to D5 contain the address
of the desired EMS register from 0 to
35. Setting bit D6 to a 1 activates auto-
increment. This feature is described in
detail below. Bit D7 contains the )
desired register set to be accessed; the
standard or the alternate set. 1/0 port
addresses EAh and EBh then provide a
window into the page register specified
in the index register. Address EAh
allows access to A14-A21. EBh allows
access to A22-A25. Sixteen-bit I/O
reads and writes can be used to gain
access to A14-A25 in one operation via
address EAh.

After initial accesses to port addresses
at EAh and EBh, subsequent accesses
are to the same page segment register
until a new register number is written to
the lower six bits of the index port at
port address E8h or unless bit D6 of the

index port was previously set to a logic
1. Inthis case, any access to port
address EBh increments the page
register number. (This new value is
seen by a read to the index register port
E8h.) The next read or write is to the
next sequential page register. This
feature allows the entire register set to
be changed with a single access to the
index register with either byte or word
I/O access. For byte accesses, the
lower byte at port address EAh must be
written first. The access to the upper
byte at EBh causes an auto-increment.
Since all word accesses are made to
port EAh, each one causes an auto-
increment. This is due to the fact that
the chip set actually breaks the word
into two byte chunks, writing EAh
followed by EBh.

The auto-increment feature speeds the
already fast hardware driven context
switching capability by minimizing the
number of software instructions and,
therefore, machine cycles required to

read and save one context of the EMS
registers, then retrieve and write
another.

Configuration Enable/Disable

Ports OF9h and OFBh control access to
the configuration registers. A dummy
write to OFBh enables access. A
dummy write to OF9h disables access.
Since the EMS driver does not know the
state of this feature when it wishes to
access the configuration registers it
writes OFBh first, then writes OF9h after
its accesses are complete. This applies
to all VL82C330 configuration and
control registers and also to all EMS
page registers discussed in this
document. All such registers are
mapped between I/0 addresses E8h
and EFh. This aids in preventing
someone other than the EMS driver
from inadvertently changing the EMS
registers. More information on this
feature is available in the "Dedicated
Internal Control Registers" section.

Shadow RAM Subsystem

Data Port .

EDh (R/'W) D7 D6 D5 D4 D3 D2 D1 Do
AAXS AC000 Access| A8000 Access| A4000 Access| A0000 Access
BAXS BC000 Access| B8000 Access| B4000 Access| B000O Access
CAXS CC000 Access| C8000 Access| C4000 Access| C0000 Access
DAXS DC000 Access| D8000 Access| D4000 Access| D0000 Access
EAXS EC000 Access| EB000 Access| E4000 Access| EO0000 Access
FAXS FCO000 Access | F8000 Access | F4000 Access | F0O000 Access

Six indexed configuration registers are
provided to give complete control over
each of the 64K memory segments
between 640K and 1M. The registers
are called AAXS, BAXS, CAXS, DAXS,
EAXS, and FAXS. Each register
contains two bits for each 16K para-
graph in the 64K segment controlled by
that register. Refer to the section
"Functional Summary of Indexed
Registers" for more details.

The four modes provided are:

1. Normal PC/AT-compatible operation.
This is R/W slot bus or ROM chip
select depending on the memory
space.

2. R/W system board DRAM. This
allows complete access to DRAM in
the given 16 Kbyte region.

3. Read-only DRAM. This is the
normal shadow operational mode

though it could be used to protect
data previously written to a memory
area while configured for mode 2. In
this mode, writes are directed to the
slot bus.

4. Shadow setup mode. In the E000
and FOO0O0 segments, reads cause
on-board ROM chip selects and
writes to the same address are to
system board DRAM. In the
segments A00O to DOOO reads are
from the slot bus and writes are to
the system board DRAM. This
allows shadowing of system board
ROM as well as ROMs on a slot
card.
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Middle BIOS Alias Control

Data Port
EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
MISCSET FX F1 MBIOS Slow Slot Bus
(14) Enable Ctrl CLK2 Bus Mode
Divider Divider

Bit 5 of the MISCSET indexed configu-
ration register is used to enable the
middle BIOS region (OOFE0000h to
00FFFFFFFh). When the bit is a 0, this
address space produces a -ROMCS.
This setting is the power-on reset
default. When the bit is set to logic 1,
accesses o this address range are
directed to the system board DRAM.

The middle and upper BIOS spaces are
never shadowed.

NUMERICAL PROCESSOR
INTERFACE

The VL82C330 supports both the Intel
387DX and the Weitek 3167 numeric
coprocessors for use in high perform-
ance floating point math applications.

Intel 387DX

The VL82C330 contains several
dedicated pins in order to provide the
interface between the 387DX and the
386DX. The 386DX and 387DX are
designed to interface directly without
external logic. However, logic is
required in order to make a system
hardware compatible with the PC/AT
and software compatible with the PC/AT
and original IBM PC. The following
sections describe the interface logic
broken into several parts.

System Reset Logic

System reset is an internally generated
signal caused by a reset signal to the
VL82C330 (RSTDRV), usually in
response to the POWERGOOD signal.
This signal initiates a reset to the CPU
and to the 387DX.

CPU-Only Reset Logic

A CPU reset without a coprocessor
reset can occur for one of two reasons.
The first is usually done in order to
switch from real to protected mode.
The signal which causes it is shown as
"Hot" reset. It is triggered by setting bit
0 of I/O port 92h to a 1, by a read of I/O
port EFh, or by receipt of an external
—-RC signal. The latter signal causes a

CPU-only reset as soon as received.
There is a 6.72 psec delay between the
occurrence of either of the first two
events and activation of the RESCPU
signal.

Internal detection of a shutdown
command from the CPU also triggers a
CPU-only reset.

In both of the above cases, resst is also
synchronized to CLK2 and lasts for 16
CLK2 cycles.

387-Only Reset Logic

For PC/AT-compatibility, a 387-only
reset is provided via a I/O write to F1h.
This action provides a reset to the
387DX synchronized to CLK2 of 80
CLK2 cycles duration. ~READYO does
not go active after the write to F1h for
100 CLK2 cycles after the falling edge
of RES387. There may be incompatibil-
ity with some software due to the fact
that a hardware reset does not put a
387DX into the same internal state as
does a reset of the 287. For this
reason, the F1h reset function may be
disabled by setting configuration
register MISCSET[6]=1.

Error/interrupt Logic

For PC/AT-compatibility, ~-ERROR387
active generates interrupt 13. It also
latches -BUSY386 active. This later
action is required in order to prevent
the 386DX from attempting to use the
coprocessor until the error handling
interrupt routine is executed. The
interrupt handler clears the latched
~BUSY by performing a write to I/O port
FOh.

Busy Logic

The ~BUSY386 signal can be produced
from four sources. It always occurs in
response to the ~-BUSY387 input. It
also occurs as latched by the
—ERROR387 signal. In the third case, a
toggle busy logic block can drive it.

This block is required for compatibility
with software that uses non-standard

instructions to detect the presence of a
coprocessor. When a coprocessor is
not present, ~-BUSY386 is pulsed
active for 16 CLK2 cycles whenever an
I/O cycle is detected with A31 high.

Busy test logic is invoked only on
system reset. At this time, the 386DX
self-test mode is triggered. This adds
33 ms at 16 MHz and 16 ms at 33 MHz
to the CPU reset time. At the end of the
self-test, the BIOS can read the CPU
self-test result register and perform
whatever function is desired on failure.
Note that when a CPU-only reset is
invoked, this self-test is not performed.
Therefore, "Hot" resets are performed
as fast as possible.

PEREQ Logic

The PEREQ387 signal is always
passed directly to the PEREQ386 pin.
In addition, PEREQ386 is driven and
held active as soon as -BUSY387 goes
inactive after occurrence of an active
—~ERROR387 signal. Control of the
PEREQ386 signal to follow the
PEREQ387 signal is performed by a
write to I/O port FOh.

387DX Ready Control

On reads or writes to the 387DX's /O
space, the VL82C330 automatically
asserts —READYO to the 386DX
processor after one wait state unless
the -READY! line to the VL82C330 is
asserted before the end of one wait
state. This prevents a separate hang
when a 387DX is not present.

Weitek 3167 :

The Weitek 3167 is a more powerful
numeric coprocessor than the 387DX.

It uses a superset of the.387DX pins. It
is a memory mapped device and uses
all 32 address lines to decode a space
from C0000000h to C1FFFFFFh. The
fact that it is not a standard part causes
no backward compatibility issues. As
such, it interfaces easily to the system.
Two signals are provided on the
VL82C330. WTKIRQ is used to OR this
interrupt with the IRQ13 line for the
387DX. —READY! is required for any
external add-in devices including a
cache controller. If more than one
external source of -READY! exists, they
must be externally ORed.
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DEDICATED INTERNAL CONTROL
REGISTERS

All Special Features (SF) decodes are
between E8h and FFh as shown in
Table 10. While the IBM Technical
Reference Manual considers F8h to
FFh reserved for coprocessor use, only
F8h, FAh, FCh, and FEh are actually
used. SF sandwiches some registers in
this region. The recommended method

is to decode the F8h to FFh range then
AND with address bit —A0. This
properly maps only the even addresses
in this range to the coprocessor. /0O
ports FOh and F1h are fully decoded
due to the presence of other ports at
F4h and F5h. It is possible to disable
the SF functions mapped in the FXh
range if they conflict with a specific
design implementation. This feature is
described later in this specification.

Note: The dedicated I/O registers at
E8h, EAh, and E9h are de-
scribed separately in the "EMS
Subsystem" section. The
dedicated /O registers at ECh
and EDh are described in the
"Functional Summary of Indexed
Registers" section.

TABLE 10. DEDICATED V/O

CONTROL REGISTERS
Port
Address | Function

E8h EMS Index Register

ESh EMS Active Set

EAh EMS Data Port Low Byte
EBh EMS Data Port High Byte
ECh Configuration Index Register
EDh Configuration Data Port
EEh Fast A20*

EFh Fast Reset"

EMS Register Set (/0 Address E9h)

ESh D7 D6 D5

D4 D3 D2 D1 Do

EMS Register Set 1 1 1

1 1 1 1 1

A read of this address returns FFh. A
read of this register also activates the
standard EMS register set. A write
activates the alternate EMS register set.
Neither of these actions has any effect if
the EMS subsystem has not been
enabled by setting the EMS enable bits
in the EMSEN register described in the
"EMS Subsystem" and "Functional
Summary of Indexed Registers"
sections. Default on reset is the
standard register set.

Note: This function has no relationship
and is totally independent of the
control afforded by bit 7 of
register E8h. Bit 7 controls
which register set is selected for
updates to the base addresses
for the EMS translation. It is
possible to select and update
either the standard or alternate
EMS register set independent of
which set is currently active.

FOh Coprocessor Busy Clear

Fih Coprocessor Reset

Fah Slow CPU** Fast A20 (I/O Address EEh or 92h)

F5h Fast CPU** EEh D7 D6 D5 D4 D3 D2 D1 Do
Feh | Coprocessor Fast A20 1 1 1 1 1 1 1 1
Foh Configuration Disable**

FAh Coprocessor 92h D7 D6 D5 D4 D3 D2 D1 Do
FBh Configuration Enable** Port A 1 1 1 1 1 | 1 | A20 | Reset
FCh Coprocessor

FEh Coprocessor A read of /O port EEh enables Fast Fast A20 is also controlled via bit 1 of

* Also can be activated through port
92h for PS/2-compatibility.

** These decodes can be disabled in
case of conflict.

Note: All I/O accesses to the above
registers must be byte size
except the EMS data port (EAh
and EBh) which may be either
byte or word operation.

A20 and returns a value of FFh. A write
disables Fast A20. This method
provides a fast, parallel alternative to
the standard PC/AT-compatible method
of using the keyboard controller to
control A20. Internally, this signal and
A20GATE are ORed so that either
event controls the A20 address line and
generates —-BLKA20. Default on reset
is internal A20 control disabled. While
disabled, A20 is solely controlled by the
A20 input for strict PC/AT-compatibility.

I/O register 92h for PS/2-compatibility.
This register is known as Port A. When
bit 1 = 1, A20 is active. When bit 1 =0,
A20 always = 0. This feature is fully
integrated with the Fast A20 control
achieved through EEh, i.e. aread of
EEh followed by a read of bit 1 of port
92h returns a logic 1.

If bit 7 of MISCSET register = 1, the fast
A20 feature at EEh is disabled.

4-84



® VLSI TECHNOLOGY, INC.

ADVANCE INFORMATION

VL82C330

Fast CPU Reset (/0O Address EFh or 92h)

EFh D7 D6 D5 D4 D3 D2 D1 Do
Fast Reset 1 | 1 1 1 1 1 | 1 | 1
92h D7 D6 D5 D4 D3 D2 D1 DO
Port A 1 1 | 1 1 1 1 A20 | Reset

This register provides an alternative to
use of the —RC input in order to reset
the processor. A read of EFh resets the
processor. This reset signal must be
ORed internally with the —RC input so
that either event invokes a reset. This
may provide a faster way for the system
to jump between real and protected
mode. Reset timing is the same as
described below for the Port A reset.

Fast CPU reset can also be controlled
via bit 0 of I/O register 92h for PS/2-
compatibility. This register is known as
Port A. When bit 0 = 1, a reset opera-
tion is triggered. Reset pulses are high
for 16 CLK2s. This latch remains set
until written again or until the VL82C330
is externally reset.

If bit 7 of the MISCSET register = 1, the
fast CPU reset feature at EFh is
disabled.

Note that in order to successfully reset
a PC/AT-compatible system, A20 must
be gated through and not held low,
otherwise, the reset vector is not
fetched and the system hangs up.
Therefore, before issuing a "Hot" reset
command, either via I/O port 92H or I/O
port EFh as described above, one of
the following must occur: 1. Setbit 1 to
1in Port A. (Writing 03h to this register
effectively accomplishes both goals with
a single /O instruction.) 2. Perform a
read of EEh to enable A20.

Coprocessor Control (/O Address OFOh and OF1h)

O0FOh D7 D6 D5 D4 D3 D2 D1 DO
Clear/Busy X X X X X X X X
OF1h D7 D6 D5 D4 D3 D2 D1 Do
Reset Copro X X X X X X X X

A write to 1/O port FOh clears the D-flop
which holds ~-BUSY386 and PEREQ386
active after an -ERROR387 signal
occurs. A write to /O port F1h resets
the 387DX. This write results in a
positive pulse 80 CLK2 cycles wide and
is synchronized to CLK2. -READYO is
held inactive during this entire period for
100 CLK2s after the falling edge of
RES387.

Bit 6 of MISCSET must be setto 0,
otherwise a write to F1h does not cause
areset.

CPU Speed (/O Address 0F4h and OF5h)

OF4h D7 D6 D5

D4 D3 D2 D1 Do

Slow CPU Speed X X X

OF5h D7 D6 D5

D4 D3 D2 D1 Do

Fast CPU Speed X X X

X X X X X

A write to Port OF5H causes the CPU to
run at normal "fast"” speed. A write to
Port OF4H invokes the CLK2 divider

circuit. This is selected by writing the
appropriate code to the MISCSET
register described later in this docu-
ment. The programmable range

provided allows 12 to 33 MHz systems
to run at or below 8 MHz. Default on
reset is "fast" speed.

If bit 7 of the MISCSET register = 1, this
CPU speed feature is disabled. See
the description under MISCSET in the
section titled "Functional Summary of
Indexed Registers" for more details.
The speed control activated by the
BIOS through the keyboard controller is
always available to access this function.
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Configuration Enable/Disable Registers (I/O Addresses OFBh and OF9h)

OFBh D7 D6 D5 D4 D3 D2 D1 DO
Config Enable x | x | x I X | x | x | X | X
OFgh D7 D6 D5 D4 D3 D2 DI DO
Config Disable X | X X X X X I X X

When enabled and used as described
above, the configuration registers are
protected from unauthorized accesses
that might garble the system configura-
tion and either crash the system or
change its operational characteristics in

an unwanted manner. A write to OFBh
enables the configuration registers. A
write to OF9h disables the configuration
registers. When disabled, the system is
locked out from any access to the
configuration and control ports from

address E8h through EFh. This
includes the registers previously

- described in this section, the EMS

registers described in the "Shadow
RAM Subsystem"” section and the
indexed configuration registers de-
scribed in the "Functional Summary of
Indexed Registers" section.

If bit 7 of the MISCSET register = 1, the
configuration enable/disable feature is
disabled. See the description under
MISCSET in the section "Functional
Summary of Indexed Registers" for
more details.

Sleep Mode Control Subsystem

D3 D2 D1 Do

Data Port

EDh (R/W) D7 D6 D5 Da

SLEEP Enable | Power Down CLK2
(13) Divider

Ext Ext Ext
Ctri3 | Ctri2 | Ctri1

SYSCLK

Sleep mode operation is provided for
battery operated laptop microcomputer
support. The sleep indexed configura-
tion register is provided to control this
function. Bits 0 and 4 through 6 are set
with the desired values by the BIOS on
POR. Then only bit 7 needs to be
toggled to get in and out of sleep mode
during operation. Bits 1 through 3 also
have a special, optional function which
may require control in the course of an
operating session. For maximum power
savings, it is recommended that a halt
instruction be executed immediately
after setting bit 7. Any interrupt brings
the CPU out of HALT mode.

Bit 7 is set to 1 to invoke all chip set
sleep functions. When set, CLK2 is
divided by the value coded in bits 4
through 6 of the sleep register. These
bits provide a code used to divide the
CLK2 down for sleep mode. Division
from 2 to 64 is programmable. The
range is specified in the "Functional
Summary of Indexed Registers"
section.

When used with non-static CPU's the
greatest division is selected that
remains above the minimum opera-
tional frequency.

Normally, -RASBK-only refresh is
performed. This requires driving the
memory address lines and power is
consumed. When bit 7 =1, the refresh
controller switches to CASBK before
—RASBK refresh. If CASBK before
—RASBK refresh is not desired while in
sleep mode, setting CTRL1[6]=1
maintains standard refresh operation.

The VL82C330 is brought out of sleep
mode by resetting bit 7 to a logic 0.
This can be done by providing a
hardware reset to the VL82C330 or by
a CPU write of 0 to bit 7. A hardware
reset or an INTA cycle of the VL82C330
also resets this bit.

Bits 1 through 3 provide for software
control of an external device. The
state of each bit is ORed with bit 7 and
the ORed output is connected to an

external pin on the VL82C330. This
causes the external pin to be active
whenever the sleep mode is active
(high) or whenever bit 1 is set high.

Bit 0 - The sleep register is "shadowed"
in the Bus Controller. That is; it exists
at the same address as a write-only
register in the'Bus Controller. However,
only bits 0 and 7 are valid in the Bus
Controller. See the VL82C331 ISA Bus
Controller data sheet for more details.
In the VL82C330, bit 0 is a read/write
bit without function. This bit is provided
so that software can detect the last
state written to it in the Bus Controller.

When CTRL1[1]=0, the —SLP/MISS (pin
6) provides an external indication of the
inverse state of the SLEEP[7] bit. That
is, when pin 6 is low, sleep mode is
active. This can be used as an external
indicator of sleep mode or as an
external sleep mode activation signal
for other devices.

See sleep mode operation in the
VL82C331 ISA Bus Controller data
sheet and in the section "Sleep Mode
Control Subsystem" in this data sheet
for additional information.
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Turbo/Slow CPU Control Subsystem

Data Port
EDh (R/W) D7 D6 D4 D3 D2 D1 Do
MISCSET FX F1 MBIOS Slow Slot Bus
(14) Enable Ctrl CLK2 Bus Mode
Divider Divider

It has become standard for fast PC/AT-
compatibles to provide means to slow
operation for older, speed sensitive
software. This is especially true for
graphics intensive entertainment
software which may otherwise operate

much too fast on a high speed machine.

Bits 3-4 of the MISCSET indexed
configuration register are used to
specify a CLK2 divider that is active
when the slow CPU mode is activated.
This range provides the capability to
operate at 8 MHz or under, for any
actual CPU speed from 12 to 33 MHz.

One way this mode may be toggled on
and off is by external control of the

TURBO input pin. When TURBO is
low, the slow mode is activated and the
CLK2 divider is in effect. When TURBO
is high or during HLDA cycles, CLK2
runs at the same speed as TCLK2 (only
if the SF TURBO request is also active,
see above). The TURBO pin is
normally connected to the keyboard
controller and triggered by the BIOS via
detection of a "hot key" combination
such as Ctrl Alt +. This input is often
externally ANDed with a mechanical
turbo switch on the front panel.

For SF compatibility, another method is
provided if separately enabled. A write
to I/O port OF4h also selects the CLK2

divider circuit for slow operation. A
write to OF5h returns to full speed
operation. The SF must be enabled (bit
7 of MISCSET = 0) for the latter
mechanism to be active. The SF
internal speed control mechanism is
ANDed with the TURBO input pin. In
this way, any single request for slow
operation causes it to occur.

Note: The state of TURBO has no
impact on the slot clock fre-
quency. See the sections
"Functional Summary of Indexed
Registers" and "Dedictated
Internal Control Registers" for
additional data.
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SPECIAL CYCLES

Halt/Shutdown Detection

The VL82C330 detects and responds
as described below to halt and shut-
down operations from the CPU.

The chip set detects halt only to
differentiate it from the shutdown cycle.
No further action is taken in response to
halt except to acknowledge it by
asserting -READYO after two wait
states.

Shutdown is handled differently. This
bus cycle is executed by the CPU in
response to a critical internal process-
ing error. The VL82C330 responds by
asserting -READYO after two wait
states, then issuing a CPU-only reset
for 16 CLK2 cycles.

ISA Cycles

The VL82C330 provides no time out
feature for ISA bus cycles. The ISA
Bus Controller performs these cycles
based on the programmed number of
wait states. There is no limit enforced
on IOCHRDY.

Memory Cycles

Memory cycles above on-board
memory below 16M are passed to the
ISA bus. Cycles above on-board
memory and above 16M are handled by
the VL82C330 which generates a —
READYO after two wait states. Memory
mapped devices in the region, there-
fore, have two wait states to decode this
cycle as their own and gate off the
VL82C330's ~-READYO signal before it
becomes the system ready signal.

Coprocessor Cycles

When the VL82C330 detects a memory
access to the Weitek 3167 memory
space, it generates a -READYO in
approximately 7.5 ps if it does not
receive a -READYI signal within this
time.

When the VL82C330 detects a 387
NPX access, it generates a -READYO
signal in one wait state if a~READY!I
signal is not received.

TABLE 11. 386 HALT/SHUTDOWN DETECTION

D/-C W/-R -BEO Mode
0 1 1 Halt
0 1 0 Shutdown
SYSTEM RESET OPTIONS assertion is held off for another 100

This section describes all reset modes
of the VL82C330 based on their
activating signal. They have been
discussed in other applicable sections
of this document and are summarized
as an aid the reader.

RSTDRV: Hardware reset pin from the
ISA Bus Controller. This signal causes
all internal state machines to be reset.
The internal configuration registers are
reset to their default values shown in
Table 12. Resets are issued to the 386
and the 387. The -BUSY386 signal is
active for at least eight CLK2 cycles
before and after the falling edge of the
RES386 signal. This invokes the self-
test mode of the 386DX. Systems that
desire to use this feature can then read
the result of this test in the 386DX's
EAX register and decide what to do
based on the result. Otherwise, it can
be ignored.

—RC: When active, a CPU-only reset is
issued immediately on RES386 for 16
CLK2 cycles synchronous with CLK2.

REG_92: Setting bit 0 of I/O port 92h
causes a 386-only reset. After approxi-
mately 6.75 psec, a RES386 is acti-
vated for 16 CLK2 cycles. See the
section "Dedicated Internal Control
Register" for more details.

REG_EF: A read of I/O port EFh
causes a 386-only reset. After approxi-
mately 6.75 pusec, a RES386 is acti-
vated for 16 CLK2 cycles. SF must be
enabled for this feature to function.

See the section "Dedicated Internal
Control Register" for more details.

OUT_F1: A write to /0 port F1h
causes an 387-only reset. RES387 is
activated for 80 CLK2 cycles. Ready

CLK2 cycles. See the section "Dedi-
cated Internal Control Registers” for
details.

SHUTDOWN: Detection of the shut-
down condition causes a 386-only reset
for 16 CLK2 cycles. See the section
"Halt/Shutdown Detection" for additional
information.

IN-CIRCUIT TEST LOGIC

The VL82C330 is designed to make
system board testing as easy as
possible. The —TRI input causes all
pins on the VL82C330 go to a high
impedance state. This can be used to
isolate the VL82C330 so other compo-
nents in the system can be tested.

The —TRI input can also be used to put
the VL82C330 into a special test mode
called In-Circuit Test (ICT). The
purpose of ICT is not to functionally test
the VL82C330 while it is inserted in a
circuit board, but to test that the part is
connscted correctly and all the pins can
be toggled high and low in a predictable
pattern.

During in-circuit test (ICT), each output
may be toggled by one or more of the
inputs. This allows for a board level
tester to check the solder connection of
each pin. The sequence for enabling
ICT is as follows:

1. Tester drives —TRI pin low.

Tester drives XDO with a value of 1.
Tester simultaneously pulses —IOR
and —IOW low for at least 100 ns.
Tester drives —TRI pin high.
VL82C330 remains in ICT mode
until the RSTDRYV pin is activated
or until steps 1-4 are repeated with
XD0=0.

apr ©N
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iN-CIRCUIT TEST DESCRIPTION
ICT INPUT ICT INPUT ICT INPUT ICT INPUT ICT OUTPUT

Signal Name | Pin # | Signal Name | Pin # Signal Name | Pin # | Signal Name | Pin # | Signal Name | Pin #
A17 2 | A4 5 At 9 A8 12 —REFRESH 109
A16 3 | A13 6 A10 10 A7 13 —CHS0/-MW 103
A15 A12 7 A9 11 A6 15 —CHS1/-MR 102
A5 16 | A3 18 —BE3 20 — — CLK2 32
Ad 17 | A2 19 | -BE2 21 — — —SLP/MISS 35
-BE1 22 | Di-C 25 HLDA 28 - - —ERROR386 37
-BEO 23 | M/-IO 26 —READYI 29 — - —-BUSY386 38
W/-R 24 | -ADS 27 CLK2IN 30 - - PEREQ386 39
—-READYO 34 | RES387 41 —-ERROR387 43 PEREQ387 46 HRQ 40
RESCPU 36 | -BUSY387 42 TCLK2 44 WTKIRQ 47 SLEEP1 49
—-MDLAT 52 | MA10 57 MA7 62 - - SLEEP2 50
-DEN 53 | MA9 58 MA6 63 - - SLEEP3 51
-RAMW 55 MA8 60 MAS 64 - - —ROMCS 54
MA4 66 | LBE2 74 CASBKO 80 - - XD7 86
MA3 67 | LBE1 75 | —RASBK3 81 - - XD6 87
MA2 69 | LBEO 76 —RASBK2 82 — - XD5 88
MA1 71 CASBK3 77 —RASBK1 83 - - XD4 89
MAO 72 | CASBK2 78 —RASBKO 85 - = XD3 90
LBE3 73 | CASBKi1 79 BUSCLK 98 - - XD2 91
—CHREADY 104 | BUSOSC 106 | OSC 110 - - XD1 92
DMAHRQ 105 | OUT1 107 | -IOR 112 - - XDO0 93
—-IOW 113 | TURBO 115 | A31 117 - - —BLKA20 94
-RC 114 | A20GATE 116 | A29 118 - - —BRDRAM 95
A26 119 A23 122 A20 125 - - DMAHLDA 99
A25 120 A22 123 A19 126 = - IRQ13 100
A24 121 | A21 124 A18 127 - - CHM/-IO 101
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CONFIGURATION REGISTER SET
Software Access

Index Registers (I/O Address ECh)
The value written to this register is the
8-bit address of the data port which is
accessed through the data port register
at I/O address EDh. All subsequent
data port reads and writes accesses the
register at this address until the index
register is written with a new 8-bit
address. This register is readable. It
always returns the last value written to
it.

The Configuration Registers can only
be accessed via the CPU and are
limited to byte reads and writes.

Data Port Register (/O Address EDh)
Each register accessible through /O
address EDh is functionally described
below. It is accessed first by writing its
address to the index register at 1/0
address ECh, then by accessing the
data port at I/O address EDh.

FUNCTIONAL SUMMARY OF
INDEXED REGISTERS

Version (00h)  (Read-only)

D2-D7 contains a read-only code which
indicates that this part is a VLSI
Technology PC/AT-compatible
VL82C330. DO and D1 contain the
version number of this chip. The first
production version of this chip uses the
code F2h. Breaking the code into two
bit pieces reveals it to be "330" Rev "2."

SLOTHI and SLOTLO (01h and 02h)
(Default = FF,FF)

These two registers represent the
upper address bits of the base address
where off-board (slot) memory ac-
cesses begin. In combination they are
referred to as SLTPTR. (See the
"SLTPTR - Critical Memory Control
Element" section.) SLOTLO contains a
full eight bits corresponding to A16-A23.
Reading this byte returns the last value
written. SLOTHI only contains two
active bits corresponding to A24 and
A25. Reading this register returns the
last values written to bits 0 and 1 and
logic 1's in all other bit positions.
(Default = 03FFh, no off-board memory
accesses.)

RAMMAP (03h) (Default = EOh)
Bit 7 in conjunction with the EAXS
register, determines system response to
memory accesses between EO000h-
EFFFFh. When set to a logic 1 and the

EAXS code for the specific 16K
segment is 00b, reads generate a
~ROMCS and a ROM access is
performed from the MD bus. When set
to a logic 0 and the EAXS code for the
specific 16K segment is 00b, reads and
writes are performed to the slot bus.
This feature allows systems not using a
128K BIOS to access memory devices
on the slot bus in the E0000h-EFFFFh
area. See EAXS below for further
details. Accesses to the area between
FE0000h-FEFFFFh also respond in the
above manner except that EAXS has
no control over this memory space.
However, in this area there is an
interaction with the mid-BIOS control
provided by MISCSET[5] described
below.

Bits 4-0 specify one of the valid memory
maps as shown Table 1. Note that not
all possible 6-bit codes are assigned to
valid memory maps.

RAMMOV (04H) (Default = FOh)
Bits 3-0 specify a switching function
which determines which internal
~RAS3- —RAS0 and CAS3-CASO
signals drive which external -RASBKS -
~RASBKO and CASBK3- CASBKO pins.
(Default = 0.)

Refer to Table 2 for the remap configu-
ration register code mapping.

RAMSET (05h) (Default =7Ch)
Bits 7-6 program the drive current on
lines MAO-MA10 and on -RAMW
according to the following codes:

00 = 150 pF drive
01 = 300 pF drive
10 = 450 pF drive
11 = 600 pF drive

Bit 5 is set to 0 in order to allow a cycle
to begin one CLK2 earlier. This
provides extra access time. (Default = 1
Early Start Disable) Early Start may be
enabled in systems running at 16 MHz
or below.

(Default)

Bit 4 programs the drive level on the
~RASBK pins.

1 = 12 ma drive
0 = 24 madrive

(Default = 1)

Bit 3 indicates whether page mode is
active on Bank A.

0 = Disabled

1 = Enabled (Default)

Bit 2 indicates whether page mode is
active on Bank B.

0 = Disabled
1 = Enabled (Default)

Bit 1 indicates the interleave mode for
Bank A. It is encoded as follows:
0 = Interleave on bit 1 for all DRAMs

) (Default)
1 = Interleave on bit 10 for all DRAMs

Bit 0 indicates the interleave mode for

Bank B. Itis encoded as follows:

0 = Interleave on bit 1 for all DRAMs
(Default)

1 = Interleave on bit 10 for all DRAMs

REFCTL (06h) (Default = 00h)
Bit 7 is 0 for coupled refresh mode and

1 for decoupled refresh mode. (Default
=0.)

Bits 6-4 provide three bits to specify a
divider for on-board refresh.
000 =+ 1

001 =+ 2

010=+4

011=+8

100 =+ 16

Bit 3 controls internal /0O decode.
When bit 3 = 0, full 16-bit decode is
performed. When bit 3 = 1, 10-bit I/O
decode is performed. (Default = 0.)

Bits 2-0 provide three bits which specify
a divider for off-board refresh.
000 =+1

001 =+2

010=+4

011=+8

100 =+ 16

RASTMA - RAS Timing for DRAM
Banks 0 and 1 (07h) (Default = FFh)
Bit 7 indicates the -RASBK to column
address delay:

0 =1/2 CLK2

1=1 CLK2 (Default)

Bit 6 indicates number of clock delays
between —-RASBK and CASBK (tRCD).
Actual clock delays encoded by this bit
is:

0=1CLK2

1=2CLK2s (Default)

Bits 5-3 indicate the number of clock
periods of -RASBK precharge time
(tRP). Bit encoding relative to the
number of clocks is:
010 =2 CLK2s

011 =3 CLK2s

100 = 4 CLK2s

101 = 5 CLK2s

110 =6 CLK2s

111 = 7 CLK2s

(Default)

(Default)

(Default)
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Bits 2-0 indicate the number of clock
periods of -RASBK active time (tRAS).
Bit encoding relative to the number of
clocks is:

000 = 2 CLK2s

001 = 3 CLK2s

010 = 4 CLK2s

011 =5 CLK2s

100 = 6 CLK2s

101 =7 CLK2s

110 = 8 CLK2s

111 =8 CLK2s (Default)

CASTMA - CAS Timing for DRAM
Banks 0 and 1 (08h) (Default = FFh)
Bits 7-6 indicate the number of clock
cycles of CAS active time during
memory writes (tCASW):

00=1CLK2

01 =2 CLK2s

10 = 3 CLK2s

11 =4 CLK2s (Default)

Bit 5 indicates the number of CLK2s of
delay that occur before CAS goes
active after the start of the status cycle
(tCST). This parameter is applicable
during all write operations.

0 =3 CLK2s

1=4CLK2s (Default)

Bits 4-3 indicate the number of clock
cycles of CAS precharge time (tCP).

Bit encoding relative to the number of
clocks is:

00=1CLK2

01 =2 CLK2s

10 = 3 CLK2s

11 =4 CLK2s (Default)

Bits 2-0 indicate the number of clock
cycles of CAS active time during
memory reads (tCASR). Bit encoding
relative to the number of clocks is:
000 = 2 CLK2s

001 = 3 CLK2s

010 = 4 CLK2s

011 =5 CLK2s

100 = 6 CLK2s

101 =7 CLK2s

110 = 8 CLK2s

111 = 8 CLK2s (Default)

RASTMB - RAS Timing for DRAM
Banks 2 and 3 (09h) (Default = FFh)
See RASTMA for bit definitions.

CASTMB - CAS Timing for DRAM
Banks 2 and 3 (0Ah) (Default = FFh)
See CASTMA for bit definitions.

EMSEN1 (0Bh) (Default = 00h)
Bit 7 is set as global enable for the EMS
translation registers from C0000h to
ECO000h.

0 = EMS disable
1 = EMS enable

Bit 6 is set as the global enable for the
EMS backfill translation registers from
40000 to 9C000h.
0 = Backfill disable
1 = Backfill enable

Bit 4 determines the EMS window
range.

0=EMSMapO0

1 = EMS Map 1

Each bit below is associated with one of
the EMS registers. A 0 indicates that
the associated page register is dis-
abled. A 1 indicates that it is enabled.

Page Controlled by each bit:

(Default)

(Default)

Bito EMS Page 8

Bit 1 EMS Page 9

Bit 2 EMS Page 10

Bit3 EMS Page 11
EMSEN2 (0Ch) (Default = 00h)

Each bit is associated with one of the
EMS registers. A 0 indicates that the
associated page register is disabled. A
1 indicates that it is enabled. When
disabled, an attempted access to the
associated address space actually
accesses that address directly. When
enabled and the entire EMS system is
enabled by having bit 7 of the EMSEN1
register set, an access to the associ-
ated page is redirected to the address
contained in the page register concate-
nated with 386 address bits A0-A13.
Whether bits 0-3 control the AXXXXh or
CXXXXh range is determined by the
state of EMSEN1[4]. Bits 4-7 control
the DXXXXh range in either state of
EMSEN1[4]. Bits 4-7 controlthe
DXXXXh range in either state of
EMSEN1[4]. (Default value for this
register is 0; all EMS page registers are
disabled.)

Page Controlled by each bit:

Bit 0 A/C0000
Bit 1 A/C4000
Bit 2 A/C8000
Bit 3 A/CC000
Bit 4 D0000
Bit 5 D4000
Bit6 D8000
Bit7 DCoo00

The following registers provide control
over the memory range from 640K to 1
Mbyte.

In the registers summarized below,
each pair of bits control one 16K page
as defined by the following table:

Read Write
Slot Bus* 0 0
System Board 1 1

*In the address space FO000h to
FFFFFh, default means accesses are
from on-board ROM space. Default
accesses in areas from A0000Oh-
DFFFFh are from the slot bus. Default
in the area from E0000h-EFFFFh can
be either on-board ROM or slot bus
accesses depending on the state of
RAMMAP[7].

This table translates to the following
four cases:

00= Read Default, Write Slot Bus
01 = Setup Mode: Read Default,

Write System Board
10 = Read System Board, Write Slot
Bus
11 = Read/Write System Board
AAXS (0Dh)  *Default is always the

slot bus. (Default = 00h)
Bits 6-7 - segment at ACOOOh.
Bits 4-5 - segment at A800Ch.
Bits 2-3 - segment at A4000h.
Bits 0-1 - segment at AOOOOh.

BAXS (OEh)  *Default Is always the
slot bus. (Default = 00h)
Bits 6-7 - segment at BCOOOh.
Bits 4-5 - segment at BSOOGCh.
Bits 2-3' - segment at B4000h.
Bits 0-1 - segment at BOOOGOh.

CAXS (OFh)  *Default is always the
slot bus. (Default = 00h)
Bits 6-7 - segment at CCO0O0h.
Bits 4-5 - segment at C8000h.
Bits 2-3 - segment at C4000h.
Bits 0-1 - segment at CO000h.

DAXS (10h)  *Default is always the
slot bus. (Default = 00h)
Bits 6-7 - segment at DCOOOh.
Bits 4-5 - segment at D800Oh.
Bits 2-3 - segment at D4000h.
Bits 0-1 - segment at DOOOCh.
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EAXS (11h) *Default may be on- Bits 6-7 - segment at ECO00h.
board BIOS ROM access or slot bus Bits 4-5 - segment at ES000h.
access. (Default = 00h) Bits 2-3 - segment at E4000h.
This memory space is a special case in Bits 0-1 - segment at EOOOOh.
that "default” can be one of two loca-
tions depending on the state of the
RAMMAPI7] bit.
RAMSET[7] | EAXS | Operation
0 00 Read/Write Slot Bus
1 00 Read On-Board ROM,
Write Slot Bus (-ROMCS Active)
0 01 Shadow Setup Mode: Read Slot
Bus, Write System Board
1 01 Shadow Setup Mode: Read On-Bus
ROM, Write System Board
X 10 Read System Board/Write Slot Bus
(Shadow Active)
X 11 Read/Write System Board
FAXS (12h) *Default may be on- external pin to be active whenever the

board BIOS ROM access.
(Default = 00h)

Bits 6-7 - segment at FCOOOh.
Bits 4-5 - segment at F8000h.
Bits 2-3 - segment at F4000h.
Bits 0-1 - segment at FOOOOh.
SLEEP (13h) (Default = 01h)

Bit 7 - Power-down enable.

0 = Default operational setting. Normal
clock speed.

1 = Invokes clock divider set in bits 4
through 6.

This bit is reset to 0 and normal
operation resumes when rewritten or
when the VL82C330 receives a
hardware resst.

Bits 6-4 - Power-down CLK2 divider.
These bits provide a code used to
divide the CLK2 down for sleep mode.
The codes are:
000 = +1

001 =+2

01 0= +3

011 =+4

100 = +8

1 01 = +1 6

110 =+32

111 =+64

Bits 3-1 provide for software control of
an external device. The state of these
bits is ORed with bit 7 and the ORed
output is connected to an external pin
on the VL82C330. This causes the

Default (/1 clock)

sleep mode is active (high) or whenever
bit 1 is set high. (Default = 00b.)

Bit 0 is a simple latch that provides no
functionality in the VL82C330. However,
a read always reflects the last write to
this bit. (Default = 1.)

MISCSET (14h) (Default = 06h)
Bit 7 is used to enable or disable the SF
options mapped into the coprocessor
chip set I/0O space between FOh and
FFh.

0 = enabled
1 = disabled

Bit 6 controls coprocessor software
reset.

0 = enabled
1 = disabled

Bit 5 controls the middle BIOS space

from 0OFE0000h to 0OFFFFFh. Two

options are provided:

0 = This space mirrors the 000E0000h
to 000FFFFFh space. — ROMCS is
generated for this space. (Default)

(Default)

(Default)

1 = This space maps directly to read/
write on-board DRAM.

Bits 4-3 specify the CLK2 divider that is
invoked when the TURBO input pin is
low or when a write to port OF4h is
performed.
00 = CLK2 +1
01 = CLK2 +2
10 = CLK2 +3
11 =CLK2 +4

(Default)

Bits 2-1 are the value used for division of
TCLK2 or BUSOSC to generate
BUSCLK.

00 =+ 1

01=+2

10 =+ 3

11=+4 (Default)

Bit 0 indicates the BUSCLK divider
source.

0=TCLK2 (Default)
1= BUSOSC
TEST (15h) (Default = 00h)

This register is reserved for "to be
determined"” factory test functions. It
must never be written during normal
operation.

CTRL1 (16h) (Default = 00h)
This register contains additional system
functional controls. Bits 1, 2, and 3 are
reserved for interface to a future
TOPCAT-compatible circuit. Do not write
1's to these bits. Bit 0 also will be used
for this future circuit but it also controls a
function in this version of the VL82C320.
See below for details.

Bit 7 provides for disk controller compati-
bility. With fast CPUs, some disks can
be overrun by programmed 1/O. This bit
provides a way to compensate by forcing
the first memory cycle after an I/O cycle
to be executive at non-turbo speed.

0 = slow programmed I/O (Default)
1 = normal programmed I/O

Bit 6 provides the option to not perform
CASBK before —RASBK refresh while
sleep mode is active. Whensetto 1,
normal refresh is performed while in
sleep mode. This consumes more power
because the VL82C330 must drive the
MA10-MAO and -RAMW signals to all
DRAM chips. When set to 0, CASBK
before ~-RASBK refresh occurs while in
sleep mode. (Default =0)

Bits 5 and 4 are used to open a 64K or
128K window at the top of DOS memory
for access by slot bus cards. This allows
accesses to be directed off-board in this
region but then come back on-board in
order to access on-board extended
memory. The slot pointer (SLTPTR)
cannot be used to provide this function
because all accesses above slot pointer
are off-board and there is no way to gain
access to on-board memory above this
pointer except through the EMS hard-
ware. These bits affect only the CPU
address space from 512K-640K.
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0X - on-board accesses in the 512K-
640K region (Default = 00)

10 - 576K-640K accesses slot bus.
512K-576K on-board accesses.

11 - 512K-640K accesses slot bus.

Special cases: This feature is inactive
when EMS backfill is enabled. An
attempt to set a code other than 0Xb
with EMS backfill enabled will fail to
change the code. [f this feature is
activated with codes 1Xb and EMS
backfill is later activated, the code will
automatically change to 00b disabling
slot bus accesses in this region.

Use of SLTPTR in the same range is
totally compatible. SLTPTR rules. If
SLTPTR = 576K or 512K, the setting of
CTRL1[5:4] doesn't matter. Accesses

will be directed to the slot bus in this
region and will also remain off-board
above 640K.

Bit 3 is reserved. In the current
generation, this bit is read/write but
serves no other function. This bit will
be used with CTRL1[10] which is the
Cache Present bit. This will allow the
cache to be present but still in either an
enabled or disabled state. (Default = 0,
cache disabled)

Bit 2 is a dummy stimulus bit used to
test the cache input portion of the
memory control state machine. Writing
a one to this bit gives the memory

controller a dummy indication of a
cache hit. Writing a zero indicates a
dummy cache miss. (Default = 0)

Bit 1 is set to 1 in systems containing a
cache controller. This is used by the
memory controller when page mode is
enabled. It causes a -RASBK pre-
charge on a page miss during a cache
hit. (Default = 0)

Bit 0 changes the definition of the
—SLP/MISS pin from —SLP output to
MISS input when set to "1".

( Default = 0)
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TABLE 12. INDEXED CONFIGURATION MAP

Index Port D7 D6 D5 D4 D3 D2 D1 DO
ECh (R/W) A7 A6 A5 Ad A3 A2 A1 A0
Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO
00| VER (R-O) 1 1 1 1 0 0 0 0

01| SLOTHI 1 1 1 1 1 1 A25 A24
02| SLOTLO A23 A22 A21 A20 A19 A18 A17 A16
03| RAMMAP | ROMSLOT 1 1 DRAM Memory Map Code

04| RAMMOV 1 1 1 1 RASBK - CAS Swap Code

05| RAMSET DRAM Drive ESTART RAS DRV | Page MdA | Page MdB | Bank A Int r Bank B Int
06| REFCTL Decup I Slow Refresh Divider - System Board 10/16 10 Slow Refresh Divider - Slots

07| RASTMA | RAS ADDSELI tRCD tRP tRAS

08| CASTMA tCASW tCST I tCcP tCASR

09| RASTMB | RAS ADDSEL| tRCD tRP tRAS

0A| CASTMB tCASW tCST [ tCP tCASR

oB| EMSENH1 EMS Enable | BF Enable | Reserved | EMSMAP B/EC000 B/ES000 B/E4000 B/E0000
0C| EMSEN2 DCO000 D8000 D4000 D0000 A/CC000 A/C8000 A/C4000 A/C0000
oD| AAXS ACO000 Access A8000 Access A4000 Access A0000 Access

0E| BAXS BCOO00 Access B8000 Access B4000 Access BOO0O Access

OF| CAXS CCO000 Access C8000 Access C4000 Access C0000 Access

10| DAXS DCO000 Access D8000 Access D4000 Access D0000 Access

11| EAXS ECO000 Access E8000 Access E4000 Access E0000 Access

12| FAXS FCO000 Access F8000 Access F4000 Access FO000 Access

13| SLEEP | Enable | Power Down CLK2 Divider L Ext Ctrl 3 | Ext Ctrl 2 | Ext Ctrl 1 | SYSCLK
14| MISCSET | FXEnable | FiCil | MBIOS | Slow CLK2Divider |  Slot Bus Divider | Bus Mode
15| TEST | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved [ Reserved
16/ CTRL1 | DSKTMG | SLPREF |  512-640KAccess | KENAB | HITMISS | RASCHG | PRESNT

Note: A 1 indicates reserved bits that read back as logic 1.
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TABLE 13. DEFAULT CONFIGURATION VALUES AFTER RESET

Data Port

EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do
00| VER (R-O) 1R 1R 1R 1R OR OR 1R OR
01] SLOTHI 1R 1R 1R 1R 1R 1R 1

02| SLOTLO 1 1 1 1 1 1 1 1
03| RAMMAP 1 1R 1R 0 0 0 0 0
04| RAMMOV 1R 1R 1R 1R 0 0 0 0
05| RAMSET 0 1 1 1 1 1 0 0
06| REFCTL 0 0 0 0
07| RASTMA 1 1 1 1 1 1 1 1
08| CASTMA 1 1 1 1 1 1 1 1
09| RASTMB 1 1 1 1 1 1 1 1
0A| CASTMB 1 1 1 1 1 1 1 1
oB| EMSEN1 0 0 0

oc| EMSEN2 0 0 0 0 0
0D| AAXS 0 0 0 0 0 0 0 0
OE| BAXS 0 0 0 0 0 0 0 0
OF| CAXS 0 0 0 0 0 0 0 0
10| DAXS 0 0 0 0 0 0 0 0
11| EAXS 0 0 0 0 0 0 0 0
12| FAXS 0 0 0 0 0 0 0 0
13 steep | o | o | o ] o ] o | o | o | 1
14| MISCSET | o | o I o | o T o K | 1 ] 0
15| TEST I Reserved l Reserved l Reserved | Reserved [ Reserved ] Reserved I Reserved ] Reserved
6] CTRL1 | o | 0 | o | o | o | o | o | o

Note: Values followed by "R" are read-only and have no logical function. Reserved bits in the Test register are for factory test.
Read/write results to this register are undefined.
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AC CHARACTERISTICS: TA =0°Cto +70 °C, VDD =5 V +5%, VSS = 0V (The timing diagrams in this section are
preliminary.)
Symbol Parameter Min Max Unit Conditions
1 TCLK2 Period 15 ns
12 TCLK2 High Time 6.5 ns 1.5V
13 TCLK2 Low Time 6.5 ns 1.5V
4 BUSOSC Period 15 ns
15 BUSOSC, OSC High Time 6.5 ns 1.5V
16 BUSOSC, OSC Low Time 6.5 ns 1.5V
t7 CLK2IN High Time 5 ns 20V
18 CLK2IN Low Time 5 ns 20V
tD9 TCLK2 to CLK2 Delay 25 ns CL=50 pF
110 CLK2 Fall Time ns 3.7 V10 0.8 V@ CL=50
t11 CLK2 Rise Time ns 0.8Vt 3.7 V@ CL=50
tD12 TCLK2 to BUSCLK Delay 25 ns CL=50 pF
tD13 BUSOSC to BUSCLK Delay 25 ns CL=50 pF
t14 BUSCLK Fall Time 9 ns 3.7V100.8V@ CL=50
t15 BUSCLK Rise Time 12 ns 0.8V103.7 V@ CL=50
tD16 CLK2IN to RES386 Delay 3 10 ns CL=30 pF
tD17 CLK2IN to RES387 Delay 3 10 ns CL=30 pF
D18 CLK2IN to ~READYO Delay 3 15 ns CL=30 pF
tD19 CLK2IN to HRQ Delay 3 18 ns CL=50 pF
t1SU20 —ADS to CLK2IN Setup Time 15 ns
tH21 —ADS from CLK2IN Hold Time 4 ns
tsu22 W/-R, M/=IO, D/-C to CLK2IN Setup Time 15 ns
tSU22a W/-R, M/=|O, D/~C to CLK2IN Setup Time 26 ns
tH23 W/-R, M/-10, D/-C from CLK2IN Hold Time 4 ns
tSU24 A31,A29, A26-A2 to CLK2IN Setup Time 15 ns
tSU25 A31, A29, A26-A2 to CLK2IN Setup Time 26 ns
tH26 A31, A29, A25-A2 from CLK2IN Hold Time 4 ns
tSU27a —BE3- —BEO to CLK2IN Setup Time 4 ns
tH28 —BE3- —BEOQ from CLK2IN Hold Time 4 ns
tSU30 HLDA to CLK2IN Setup Time 10 ns
tH31 HLDA to CLK2IN Hold Time 4 ns
tSU32 —READYIN to CLK2IN Setup Time 15 ns
tH33 —READYIN from CLK2IN Hold Time 4 ns
tD34 CLK2IN to —RASBK3- —~RASBKO Delay 3 20 ns CL=300 pF

Note: Minimum propogation delays noted as "tDX" are characterized but not tested.
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AC CHARACTERISTICS: (cont,)
Symbol | Parameter Min Max Unit Conditions
tD35 CLK2IN to -RAMW Delay 3 20 ns CL=300 pF
tD36 CLK2IN to CASBK3-CASBKO Delay 3 16 ns CL=50 pF
D37 CLK2IN to -BRDRAM Delay 3 18 ns CL=50 pF
tD38 CLK2IN to —DEN Delay 3 17 ns CL=50 pF
tD39 CLK2IN to -MDLAT Delay 3 19 ns CL=50 pF
tD40 CLK2IN to -ROMCS Delay 3 20 ns CL=50 pF
tD41 A31, A29, A26-A2 to MA10-MAO Delay 3 34 ns CL=300 pF
tD42 CLK2IN to MA10-MAQ Delay 3 24 ns CL=300 pF
tD43 CLK2IN to MA10-MAQ Delay 3 22 ns CL=300 pF
tD44 —-BE3- -BEO Delay 3 23 ns CL=50 pF
tD45 CLK2IN to LBE3-LBEO Delay 3 22 ns CL=50 pF
tD46 CLK2IN to —CHS0/~MW, —CHS1/~-MR 3 20 ns CL=50 pF
CHM/-IO Going Low Delay
tD47 BUSCLK to ~-CHS0/~-MW, ~CHS1/~MR, 3 20 ns CL=50 pF
CHM/-IO Going High Delay
tSuU48 —CHREADY to BUSCLK Setup Time ns
tH49 —CHREADY from BUSCLK Hold Time 3 ns
tSU50 XD7-XDO to —IOW High Setup Time 30 ns
tH51 XD7-XDO0 from —IOW High Hold Time 5 ns
D52 | —IOR Low to XD7-XDO Delay 5 50 ns CL=50 pF
tD53 —IOW High to SLEEP3-SLEEP1, —SLP/MISS Delay 4 25 ns CL=50 pF
tD54 A20GATE to —-BLKA20 Delay 4 20 ns CL=50 pF
tD56 —IOW or —IOR Low to ~BLKA20 Delay 5 25 ns CL=50 pF
tSU57 DMAHRQ to BUSCLK Setup Time 10 ns
tH58 DMAHRQ from BUSCLK Hold Time 8 ns
tD59 BUSCLK to DMAHLDA Delay 3 25 ns CL=50 pF
D60 CLK2IN to DMAHLDA Delay 3 25 ns CL=50 pF
tD61 BUSCLK to -REFRESH Low Delay 3 28 ns CL=200 pF
tD62 CLK2IN to -REFRESH Low Delay 3 28 ns CL=200 pF
tD63 BUSCLK to -REFRESH Float Delay 3 20 ns
tD65 WTKIRQ to IRQ13 Delay 3 20 ns CL=50 pF
tD66 ~ERROR387 Low to IRQ13 Delay 3 25 ns CL=50 pF
tD67 —|OW Low to IRQ13 Low Delay 3 25 ns CL=50 pF
tD68 PEREQ387 to PEREQ386 Delay 3 20 ns CL=50 pF
tD69 ~BUSY387 High to PEREQ386 High Delay 3 20 ns CL=50 pF
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AC CHARACTERISTICS: (Cont.
Symbol| Parameter Min Max Unit Conditions
tD70 —lIOW Low to PEREQ386 Low Delay 3 25 ns CL=50 pF
tD71 —-BUSY387 to -BUSY386 Delay 3 20 ns CL=50 pF
tD72 —IOW Low to —BUSY386 Delay 3 25 ns CL=50 pF
tD73 CLK2IN to -BUSY386 Delay 3 20 ns CL=50 pF
tD74 CLK2IN to -ERROR386 Delay 3 20 ns CL=50 pF
tSU75 RSTDRV to CLK2IN Setup Time 7 ns
tH76 RSTDRV from CLK2IN Hold Time 3 ns

OUT1, TURBO, —RC, -TRI ns No AC Specs on these Pins
tD77 —CHS0/~-MW, —CHS1/-MR to CLK2IN Setup 12 ns CL=50 pF
tD78 —-CHS0/~-MW, —CHS1/-MR from CLK2IN Hold 4 ns
tD79 ~CHS0/-MW to -RAMW Delay 3 25 ns CL=50 pF
tD80 —CHS0/~-MW, —CHS1/-MR to -BRDRAM Delay 3 25 ns CL=50 pF
tD81 A23-A1 to -BRDRAM Delay 3 40 ns CL=50 pF
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FIGURE 10.
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FIGURE 12. ‘
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FIGURE 14.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating -10°C to +70°C

Temperature
Storage Temperature —65°C to +150°C

Supply Voltage -0.5VtoVDD=0.3V
to Ground

Applied Output -0.5Vto VDD =0.3 V
Voltage

Applied Input -05Vto7.0V
Voltage

Power Dissipation 500 mW

Stresses above those listed may cause
permanent damage to the device.
These are stress ratings only. Func-
tional operation of this device at these
or any other conditions above those

indicated in this data sheet is not
implied. Exposure to absolute maxi-
mum rating conditions for extended
periods may affect device reliability.

DC CHARACTERISTICS: TA =0°Cto +70°C, VDD =5 V +5%, VSS =0 V

Symboi | Parameter Min. Max. Unit Conditions
VIL Input Low Voltage -0.5 0.8 \Y TTL Level Inputs
VH Input High Voltage 2.0 VDD +0.5 v TTL Level Inputs
VILC Input Low Voltage -0.5 0.8 v CMOS Level Inputs
VIHC Input High Voltage VDD -0.8 | VDD+0.5 \" CMOS Level Inputs
VOL1 Output Low Voltage 0.45 v IOL =4 mA, Note 1
VOH1 Output High Voltage VDD -0.45 \ IOH = -1 mA, Note 1
VOL2 Output Low Voltage 0.45 \ IOL = 8 mA, Note 2
VOH2 Output High Voltage VDD -0.45 v IOH = -2 mA, Note 2
VOL3 Output Low Voltage 0.45 \ IOL =20 mA, Note 3
VOH3 QOutput High Voltage VDD -0.45 \ IOH = —20 mA, Note 3
VOL4 Output Low Voltage 0.45 v IOL = 12 mA, RAMSET[4] =0
IOL =24 mA, RAMSET[4] = 1, Note 4
VOH4 Output High Voltage 2.4 \ IOH = -6 mA, Note 4
o | v | BrEmATETE
IOL = 30 mA, RAMSET[7:6] = 10
IOL = 40 ma, RAMSET][7:6] = 11, Note 5
VOH5 Output High Voltage 2.4 \ IOH = -6 mA, RAMSET[7] =0
IOH =~12 mA, RAMSET][7] = 1, Note 5
VOLS Output Low Voltage 0.45 v IOH = 8 mA, Note 6
VOL7 Output Low Voltage 0.45 IOH =24 mA, Note 7
voLs Output Low Voltage 0.45 V; IOH = 4 mA, Note 8
ILI Input Leakage Current -10 10 LA VIN =0 V or VDD, Note 9
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DC CHARACTERISTICS (Cont.): TA=0°Cto +70°C, VDD =5 V 5%, VSS=0V
Symbol | Parameter Min. Max. Unit Conditions
liL Input Leakage Current -500 RA VIN =0V, Note 10
IIH Input Leakage Current 500 pA VIN = VDD, Note 11
ILO Output Leakage Current -100 100 LA
IDDSB Static Power Supply Current 3 mA
IDDOP Dynamic Power Supply Current 4 mA/MHz
Cl Input or I/0O Capacitance 10 pF
CcO Output Capacitance 10 pF
Notes: 1. Pins:-BUSY386, PEREQ386, ~-ERROR386, -ROMCS, IRQ13, -CHS0/~-MW, -MHS1/-MR, CHM/-IO, —-BLKA20,
BUSCLK, DMAHLDA, XD7-XD0, SLEEP3-SLEEP1.
2. Pins: -READYO, HRQ, RESCPU, CASBK3-CASBKO, RES387, LBE3-LBEO, -BRDRAM, -DEN, —~MDLAT.
3. Pins: CLK2.
4. Pins: -RASBK3- -RASBKO.
5. Pins: MA10-MAO, -RAMW.
6. Pin:=SLP/MISS is an open drain output.
7. Pin: —-REFRESH is an open drain output.
8. Pins: SLEEP3-SLEEP1 are open drain outputs.
9. Allinputs except those listed in notes 10 and 11.
10. Pins: -ERROR387, —-BUSY387, —TRI, W/-R, D/-C, M/-IO, —ADS, A31, A29 and A26 have internal pull ups.
11. Pins: PEREQ387 and WTIRQ have internal pull downs.
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DESCRIPTION

The VL82C331 ISA Bus Controller
replaces several of the LS| controllers
used in PC/AT®-type designs with one
single 160-lead quad flat pack. The
Bus Controller provides the functions of
DMA, page address register, timer,
interrupt control, Port B logic, slot bus
refresh address generation, and real
time clock.

The VL82C331 directly drives the
refresh addresses onto the AT slot
address bus during refresh cycles in
response to a refresh cycle command
from the System Controller. To avoid
problems with sensitive slot bus add-in
cards, the VL82C331 features "bus
quiet" mode. When no valid slot bus
accesses are occurring, the SA bus

data and control lines do not change
states. Rather, they retain their
previous logic state.

Built-in sleep mode features work
together with System Controller sleep
features to provide a low power system
idle state for extension of battery life in
portable systems.

The upgraded DMA channels provide a
superset of AT functionality by allowing
DMA to the entire 64 Mbyte memory
range of the VL82C386 chip set.
Additional functionality is provided via
DMA wait state, clock, and -MEMR
timing programmability.

A —HIDRIVE pin can be externally
strapped to provide for 12 or 24 mA
drive to the slot bus. If left open, an

ISA BUS CONTROLLER

internal pull-up causes the drive current
to default to 12 mA. This allows
systems designed with one to four slots
to select a lower drive level and reduce
bus ringing. A—ROMS pin selects the
bus and bus size to use for BIOS ROM
accesses. The choices are 8- or 16-bit
wide ROMs.

A three-state test control pin has been
added for board level testability.

The VL82C331 features several VLS|
Technology megacells, implemented in
1.5-micron CMOS technology, and is
intended to work in 286™-, 386™ SX-,
or 386™DX-based systems with CPU
clock speeds up to 33 MHz and bus
speeds up to 16 MHz.

-BE3 - -BEO, e m s
ocHRDY " DaTA CONVERSION x;:x'::HE
_RoM8 | WAIT STATE CONTROL > ;Ziv!::
—LATLO, ~LATHI
CHM/-I0
" . , ~CHREADY,
POWERGOOD READY & BUS |<——————P=SYSCLK,
CONTROL - BALE, RSTDRV
HDA ——¢ ~MEMR, -MEMW,
ﬁ INTA let——3>--IOR, -IOW,
- ~SMEMR, ~SMEMW
XD7-XDO ~———p»
DRQ7-DRQ5 ~DACK7 - ~DACKS,
, ,
DRQ3-DRQ0 — P [——™"_bacK3- -DACK0
IRQ15-IRQ3, IRQT —————] PERIPHERAL
Q15-IRQ3, IRQ - CONTROL DMAHRQ, NMI,

VBAT, PS, RTCOSC ——pp>
-PCK, 0SC ————— ]

.
INTR, OUT1

[———————®AEN, TC, SPKR

<% L

-REFRESH
DMAHLDA ‘ - SA19-SA0
A18-A1 [ D D Q
E E
~EALE e[ - LA23-LAT7
A25-A17 ‘[. D
e d E
»| ADDRESS - —CSB042/
-BLKA20 ——— |  DECODE -ATC

-HDRIVE ———M—————
=TR!

ORDER INFORMATION
Part

Number Package
VL82C331-FC Plastic Flat Pack

Note: Operating temperature range is
0°C to +70°C.

PC/AT is a registered trademark of IBM
Corporation.

286, 386SX and 386DX are trademarks
of Intel Corporation.
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PERIPHERAL CONTROL BLOCK DIAGRAM

B INT
= DMAHRQ
) 82C50A DMA 82C37A ». ~DACKO
HLDA - - > -
IRQO-IRQ, IRQO-IRQY, INTA AHLDA, |  ~DACKO--DACKS -DACK3
- —_———
IRQ3-IRQ7 -IOR, -low A0-A7 i B A0-A15
INT ~MEMR, -MEMW,
D0-D7, —> -IOR, -low, ALS573
XDO0-XD7 B 10 DRQ0-DRQ3, CLK D0-D7
IRQ2 ! DO-D7 A8-A15 —
82C50A 82C37A
IRQ8-IRQ15 ] IRQO-IRQ7, INTA Ao-A7 '
-IOR, -IOW ~DACKO - -DACK3 g —DACKS-
INT —-DACK?
—-MEMR, -MEMW, ALS573
|_pp| DO-D7, 1 —IOR, -IOW,
A0 DRQO-DRQ3, CLK D0-D7
»| Do-D7 A8-A15 |
DRQ0-DRQ3
DRQS5-DRQ7 HLDA —
REFRESH
SYSCLK — -
82C54 _REFRESH —| COUNTER
BOSC14 1.19M ouTO —& IRQ0
ouT1 B> OUT1
-1 XD0-XD7 M
ouT2 B SPKR
SPKDAT -L|
B NMI
PORT B LOGIC
74.S612
NMI, PORT 70, = D0-D7, P A16-A25
PORT B, A0-A3,
_low =] -low RESET MA3-MAO
-IOR -IOR DMA1CS —
~IOCHK —IOCHK DMA2CS
—PCK -PCK PICICS — CHIP
PIC2CS —| SELECT [<@—
XTAUN — B TIMCS —
XTALOUT — 32 KHz PGREGCS —|
= REAL IRQ8 PORT 70 —
PS/-RCLR/ TIME - INT/EXT
-IRQ8 > CLOCK RTC MUX PORTBCS .
VBAT 287CS —
[ iRas
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PIN DIAGRAM
VL82C331
a 4 § S =«
3.F £ 002 Z_GCow - 5 5
38,8250 8eaogedtaeze,0 0838358
§§g&%8%§%%§%%5¥5§a$59§§$$5%595§w#wgﬁggﬁa
noonoo
aooonooooaonoooooonononononnonnn 1
= 2%35333%%5333";333'9%';33355353353&@5@3&3@5‘.‘1ao§vss
e TttTToTToTTTTTTTTTT T 119 XTALOUT
= 118 [1 XTALIN
= @ 117 31 PS/-RCLR/~IRQ8
o= 116 [ VBAT
= 115 1 POWERGOOD
i I TOP 1141 -TRI
mar 113 [ -HIDRIVE
sa2 [ 8 VIEW 121 R
pod= I 111 [ -PCK
o= 110 [—1 IRQ13
= 109 1 IRQ1
e 108 [_1 -CS8042/-RTC
-MEMCS16 [ 13 o =,
-SBHE [] 14 1oe 1 ves
-locsie [ 15 bt SR
e I 104 1 -LATLO
= 103 1 -XDREAD
e I 102 [1 SDLH/-HL
o= B 101 1 -SDSWAP
o= 100 1 vDD
IRQ11 ] 21 o oo
e 98 [ 1 XD1
IRQ12 [] 23 o1 xo2
e 96 1 XD3
IRQ1s [] 25 oo xoa
e 941 XDs
IRQ14 [] 27 o ves
] 921 XD6
-DACKo [ 29 oY ot
Pl 901 ouT1
. 891 DMAHRQ
gz 88 |1 DMAHLDA
-MEMR [} 33 1 otz
-DACKS [] 34 s msik
= 851 -CHREADY
e = o 841 -BRDRAM
-DACKe [ 37 oo oAe
e ] 821 CHW-I0
e ﬁ:se:essse35%8;3%53assgsaﬁﬁaﬁﬁﬁaﬁaaﬁﬁaﬁaﬁ o111 vss
gooogomgooooddooooooooon UUULUOUTU
SgoereLYTONCTCQAN 22ROV ST ERE E% a2
éEﬁﬁﬁﬁﬁﬁzzazzzzz<<g§<<<<<<<<?§§§§fgz\§>>
"3 frfg  LE
i 5 & 39
()

Pin names surrounded by parenthesis indicate 286/386SX mode.

4-107



& VLSI TECHNOLOGY, INC. ADVANCE INFORMATION

VL82C331

Signal
Description

SIGNAL DESCRIPTIONS

Signal Pin Signal
Name Number Type
CPU INTERFACE

A25, A24 43,44 O-TS
A23-A2 45-58, 61-68 10-TTL
-BE3 69 10-TPU
-BE2 (A1) 70 IO-TTL
-BE1(-BHE) 71 IO-TTL
—BEO (A0) 72 IO-TTL

Address bus - These pins are outputs during DMA, master, or standard
refresh modes. They are high impedance at all other times. A25 and A24
are driven from the alternate 612 registers during DMA and refresh cycles
and are driven low during master cycles.

Address bus - These pins are outputs during DMA, master, or standard
refresh modes. They are inputs at all other times. As inputs, they are
passed to the SA and LA buses and A15-A2 are used to address I/O regis-
ters internal to the bus control chip. As outputs, they are driven from
different sources depending on which mode the VL82C331 is in. While in
refresh mode, these pins are driven from the 612 and refresh address
counter. While in DMA mode, they are driven from the 612 and DMA
controller subsection. If the VL82C331 is in master mode, the pins A23-
A17 are driven from the inputs LA23-LA17 and the pins A16-A2 are driven
from the inputs SA16-SA2.

Byte Enable 3, active low - This pin is an output during DMA, master, or
standard refresh modes. It is an input at all other times. As an input in
386DX mode, it is decoded along with the other byte enable signals to
generate SA1, SAO and —SBHE. As an output in 386DX mode SA1, SA0,
and —SBHE are used to determine the value of ~BE3. This pin should be
left unconnected when using this part in 286/386SX mode.

Byte Enable 2, active low, or A1 - This pin has a dual function depending
on the state of the (C286) —386DX input. If (C286) —386DX is high (286/
386SX mode), then the pin is treated as address bit 1. If (C286) —386DX is
low (386DX mode), the pin is treated as —~BE2. This pin is an output during
DMA, master, or standard refresh modes. It is an input at all other times.
As an input in 386DX mode, it is decoded along with the other byte enable
signals to generate SA1, SA0 and ~SBHE. As an output in 386DX mode,
SA1, SA0, and —SBHE are used to determine the value of —-BE2. When in
286/386SX mode, it is interpreted as address A1 and passed to SA1. As
an output in 286/386SX mode it is driven from the SA1 input.

Byte Enable 1 or Byte High Enable, active low - This pin has a dual
function depending on the state of the (C286) —386DX input. If (C286)
-386DX is high (286/386SX mode), then the pin is treated as —BHE. If
(C286) —386 is low (386DX mode), the pin is treated as —BE1. This pin is
an output during DMA, master, or standard refresh modes. It is an input at
all other times. As an input in 386DX modes, it is decoded along with the
other byte enable signals to generate SA1, SA0, and —SBHE. As an output
in 386DX mode, SA1, SA0, and —SBHE are used to determine the value of
-BE1. When in 286/386SX mode, it is interpreted as —BHE and passed to
—SBHE. As an output in 286/386SX mode, it is driven from the ~SBHE
input.

Byte Enable 0, active low, or AO - This pin has a dual function depending
on the state of the (C286) —386DX input. If (C286)—386DX is high (286
mode), then the pin is treated as address bit 0. If (C286) —386DX is low
(386DX mode), the pin is treated as ~BEO. This pin is an output during
DMA, master, or standard refresh modes. It is an input at all other times.
As an input in 386DX mode, it is decoded along with the other Byte Enable
signals to generate SA1, SA0, and ~SBHE. As an output in 386DX mode,
SA1, SA0, and —-SBHE are used to determine the value of -BEQ. When in
286/386SX mode, it is interpreted as A0 and passed to SAO. As an output
in 286/386SX mode, it is driven from the SAQ input.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Description

Signal Pin Signal
Name Number Type
(C286)-386DX 73 I-TPU
HLDA 74 I-TTL
INTR 75 (0]

NMI 76 (o]

SYSTEM CONTROLLER INTERFACE
—CHSOo-MW 77 10-TTL

—-CHS1/-MR 78 I0-TTL

CPU is 286/386SX or 386DX - This pin defines the type of address bus to
which the bus controller chip is interfaced. If the pin is tied high, the
address bus is assumed to be emulating 286/386SX signals. In this mode,
A25, A24, and —BE3 would be left unconnected. The pins —~BE2 (A1),
—-BE1 (-BHE) and —BEO (A0) would take on the 286/386SX functions. If
the pin is tied low, A25, A24 can be used to generate up to 64 Mbyte ad-
dressing for DMA, and the byte enable pins will take on the normal 386DX
addressing functions. This pin has an internal pull-up to cause the chip to
default to 286/386SX mode if left unconnected. This pin is a hard wiring
option and must not be changed dynamically during operation. When
strapped for 286/386SX mode, the VL82C331 is assumed to be interfaced
to the VL82C320 System Controller which in turn may be strapped for 286
or 386SX operation.

Hold Acknowledge - This is the hold acknowledge pin directly from the
CPU. It is used to control direction on address and command pins. When
HLDA is low, the VL82C331 is defined as being in the CPU mode. In the
CPU mode, the local address bus (A bus) pins are inputs. The system
address bus (SA and LA) pins along with the command pins (-MEMR,
-MEMW, —IOR and -IOW) are outputs. When HLDA is high, the
VL82C331 can be in DMA, refresh, or master modes. In both DMA and
refresh modes, the commands and all address buses (A, SA and LA) are
outputs. In master mode, the commands and system address bus (SA and
LA) pins are inputs and the local address bus (A bus) pins are outputs.
The SA bus is passed directly to the A bus except bits 17, 18, and 19 are
ignored. LA23-LA17 is passed directly to A23-A17.

Interrupt Request - INTR is used to interrupt the CPU and is generated by
the 8259 megacells any time a valid interrupt request input is received.

Non-Maskable Interrupt - This output is used to drive the NMI input to the
CPU. This signal is asserted by either a parity error (indicated by —-PCK
being asserted after the ENPARCK bit in Port B has been asserted), or an
/O channel error (indicated by —~lJOCHCK being asserted after the ENIOCK
bit in Port B has been asserted). The NMI output is enabled by writing a 0
to bit D7 of I/O port 70h. NMI is disabled on reset.

Channel Status 0 or active low Memory Write - This input is used along
with —-CHS1 and CHM/-O to determine what type of bus cycle the Bus
Controller is to perform. This input has the same meaning and timing re-
quirements as the SO signal for a 286 microprocessor. —CHSO going active
indicates a write cycle unless —CHS1 is also active. When both status
inputs are active it indicates an interrupt acknowledge cycle. This input is
synchronized to the BUSCLK input. Activation of CPUHLDA reverses this
signal to become an output to the System Controller. It is then a -MEMW
signal for DMA or bus master access to system memory.

Channel Status 1 or active low Memory Read - This input is used along
with ~-CHS0 and CHM/-IO to determine the bus cycle type. This input has
the same meaning and timing requirements as the S1 signal for a 286
microprocessor. —CHS1 going active indicates a read cycle unless -CHS0
is also active. When both status inputs are active it indicates an interrupt
acknowledge cycle. This input is synchronized to the BUSCLK input.
Activation of CPUHLDA reverses this signal to become an output to the
System Controller. It is then a -MEMR signal for DMA or bus master
access to system memory.
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SIGNAL DESCRIPTIONS (cont)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

CHM/-I0

-EALE

-BRDRAM

—-CHREADY

BUSCLK
—BLKA?O
DMAHRQ
DMAHLDA

OouT1

82

83

84

85

86

87

89

88

90

ROM INTERFACE

-ROM8

112

I-TTL

I-TPU

I-CMOS

I-TPU

Channel Memory or active low I/O select - This input is used along with
—CHSO0 and —~CHS1 to determine the bus cycle type. This input has the
same meaning and timing requirements as the M/~lO signal for a 286/
386SX microprocessor. CHM/-IO is sampled anytime —CHS0 or —CHS1 is
active. If sampled high, it indicates a memory read or write cycle. If
sampled low, an /O read or write cycle should be executed. This input is
synchronized to the BUSCLK input.

Early Address Latch Enable, active low - This input is used to latch the
A23-A2 and Byte Enable signals. The latches are open when —EALE is
low and hold their value when —EALE is high. The latched addresses are
fed directly to the LA23-LA17 bus to provide more address setup time on
the bus before a command goes active. The lower latched addresses are
latched again with an internal ALE signal as soon as -CHSO0 or -CHS1 is
sampled active and fed to the SA19-SA0 and —SBHE outputs. In a 386DX
system, this input is connected directly to the ~ADS output from the CPU.
In a 286/386SX system, this input is connected to the ~EALE output from
the VL82C320 System Controller.

On-board DRAM, active low - An input from the System Controller indicat-
ing that the on-board DRAM is being addressed.

Channel Ready, active low - This output is maintained in the active state
when no bus accesses are active. This indicates that the VL82C331 is
ready to accept a new command. During normal bus accesses,
—CHREADY is negated as soon as a valid bus requested is sampled on the
—CHSO0 and ~CHS1 inputs. It is asserted again to indicate that the
VL82C331 is ready to complete the current cycle. The bus command
signals are then terminated on the next falling edge of the BUSCLK input.

Bus Clock - This is the main clock input for the VL82C331. It runs at twice
the frequency desired for the SYSCLK output. All inputs are synchronous
with the falling edge of this input.

Block A20, active low - This input is used while CPUHLDA is low to force
the LA20 outputs low anytime it is active. When -BLKA20 is negated LA20
is generated from A20.

Hold Request - This output is generated by the DMA controller any time a
valid DMA request is recsived. It is connected to the DMAHRQ pin on the
System Controller.

DMA Hold Acknowledge - An input from the System Controller which indi-
cates that the current hold acknowledge state is for the DMA controller or
other bus master.

Output 1 - Indicates a refresh request to the System Controller. This is the
15 psec output of timer channel 1.

8/16 bit ROM select - This input indicates the width of the ROM BIOS. If
—ROMS is low, the VL82C331 chip generates 8- to 16-bit conversions for
ROM accesses. Data buffer controls are generated assuming the ROM is
on the MD bus. If -ROMS is high, data buffer controls are generated
assuming 16-bit wide ROMs are on the MD bus.
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Signal
Name

Pin
Number

Signal
Type

Signal
Description

BUS INTERFACE

-IOR

-low

-MEMR

~-MEMW

-SMEMR

-SMEMW

LA23-LA17

SA19-SA17

SA16-SA0

134

132

33

35

129

127

16, 18, 22,
24,26, 28
31

131, 133, 135

137,141,143
145, 147, 149,
152, 154, 156

I0-TTL

IO-TTL

IO-TTL

10-TTL

O-TS

O-TS

I0-TTL

O-TS

10-TTL

1/0 Read, active low - This signal is an input when CPUHLDA is high and
—-MASTER is low. It is an output at all other times. When CPUHLDA is
low, —IOR is driven from the 288 bus controller megacell. When CPUHLDA
is high and -MASTER is high, it is driven by the 8237 DMA controller meg-
acells. This pin requires an external 10K ohm pull-up resistor.

1/O Write, active low - This signal is an input when CPUHLDA is high and
—MASTER is low. It is an output at all other times. When CPUHLDA is
low, —-IOW is driven from the 288 bus controller megacell. When
CPUHLDA is high and ~-MASTER is high, it is driven by the 8237 DMA
controller megacells. This pin requires an external 10K ohm pull-up
resistor.

Memory Read, active low - This signal is an input when CPUHLDA is high
and -MASTER is low. It is an output at all other times. When CPUHLDA
is low, -MEMR is driven from the 288 bus controller megacell. When
CPUHLDA is high and -MASTER is high, it is driven by the 8237 DMA
controller megacells. This signal does not pulse low for DMA addresses
above 16 Mbytes. DMA above 16 Mbytes is only performed to the system
board, never to the slot bus. This pin requires an external 10K ohm pull-up
resistor.

Memory Write, active low - This signal is an input when CPUHLDA is high
and -MASTER is low. It is an output at all other times. When CPUHLDA
is low, ~-MEMW is driven from the 288 bus controller megacell. When
CPUHLDA is high and -MASTER is high, it is driven by the 8237 DMA
controller megacells. This pin requires an external 10K ohm pull-up
resistor.

Memory Read, active low - —-SMEMR is asserted on memory read cycles

to addresses below 1 Mbyte and all refresh cycles. It is three stated for all
addresses above 1 Mbyte. This pin requires an external 10K ohm pull-up

resistor.

Memory Write, active low - -SMEMW is asserted on memory write cycles
to addresses below 1 Mbyte. It is three stated for all addresses above 1
Mbyte. This pin requires an external 10K ohm pull-up resistor.

Latchable Address bus - This bus is an input when CPUHLDA is high and
—-MASTER is low. It is an output bus at all other times. When CPUHLDA
is low, the LA bus is driven by the latched values from the A bus. When
CPUHLDA is high and ~MASTER is high, the LA bus is driven by the 612
memory mapper for DMA cycles and normal refresh. The LA bus is
latched internally with the —EALE input.

System Address bus - This bus is three stated when CPUHLDA is high and
-MASTER is low. It is an output bus at all other times. When CPUHLDA
is low, the SA bus is driven by the latched values from the A bus. When
CPUHLDA is high and -MASTER is high, the SA bus is driven by the 8237
DMA controller megacells or refresh address generator. The SA bus will
become valid in the middle of the status cycle generated by the -CHS0 and
~CHS1 inputs. They are latched with an internally generated ALE signal.

System Address bus - This bus an input when CPUHLDA is high and
—MASTER is low. It is an output bus at all other times. When CPUHLDA
is low, the SA bus is driven by the latched values from the A bus. When
CPUHLDA is high and ~-MASTER is high, the SA bus is driven by the 8237
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Signal Pin Signal Signal
Name Number Type Description
158,1,3,5,7, . DMA controller megacells or refresh address generator. The SA bus will
8, 11,12 become valid in the middle of the status cycle generated by the ~CHS0 and
—CHS1 inputs. They are latched with an internally generated ALE signal.

-SBHE 14 10-TTL System Byte High Enable, active low - This pin is controlled the same way
as the SA bus. It is generated from a decode of the ~BE inputs in CPU
mode. |t is forced low for 16-bit DMA cycles and forced to the opposite
value of SAO for 8-bit DMA cycles.

-REFRESH 146 IT-OD Refresh signal, active low - This I/O signal is pulled low whenever a de-
coupled refresh command is received from the System Controller. It is
used as an input to sense refresh requests from external sources such as
the System Controller for coupled refresh cycles or bus masters. It is used
internally to clock the refresh address counter and select a location in the
memory mapper which drives A23-A17. —REFRESH is an open drain
output capable of sinking 24 mA.

SYSCLK 148 (o) System Clock - This output is half the frequency of the BUSCLK input. The
bus control outputs BALE and the —IOR, —IOW, -MEMR and -MEMW are
synchronized to SYSCLK.

0SC 9 I-TTL Oscillator - This is the buffered input of the external 14.318 MHz oscillator.

RSTDRV 122 (o] Reset Drive, active high - This output is a system reset generated from the
POWERGOOD input. RSTDRYV is synchronized to the BUSCLK input.

BALE 6 o Buffered Address Latch Enable, active high - A pulse which is generated at
the beginning of any bus cycle initiated from the CPU. BALE is forced high
anytime CPUHLDA is high.

AEN 128 o Address Enable - This output goes high anytime the inputs CPUHLDA and
~MASTER are both high.

T/IC 4 (0] Terminal Count - This output indicates that one of the DMA channels
terminal count has been reached. This signal directly drives the system
bus.

~DACK7- 39, 37, 34, o DMA Acknowledge, active low - These outputs are the acknowledge

-DACKS, 136, 2, 142, signals for the corresponding DMA requests. The active polarity of these

-DACK3 - 29 lines is set active low on reset. Since the 8237 megacells are internally

-DACKO cascaded together, the polarity of the -DACK signals must not be changed.
This signal directly drives the system bus.

DRQ7-DRQ5 41, 38, 36, I-TSPU DMA Request - These asynchronous inputs are used by an external

DRQ3-DRQ0 138, 124, device to indicate when they need service from the internal DMA

144, 32 controllers. DRQO-DRQ3 are used for transfers from 8-bit I/O adapters
to/from system memory. DRQ5-DRQ7 are used for transfers from 16-bit
I/O adapters toffrom system memory. DRQ4 is not available externally as
it is used to cascade the two DMA controllers together.

IRQ15-IRQ9 25,27, 110, I-TSPU Interrupt Request - These are the asynchronous interrupt request inputs

IRQ7-IRQ3, 23, 21,17, for the 8259 megacells. IRQO and IRQ2 are not available as

IRQ1 123, 151, 153, external inputs to the chip, but are used internally. IRQO is connected to

155, 1567, 159, the output of the 8254 counter 0. IRQ2 is used to cascade the two 8259
109 megacells together. All IRQ input pins are active high.
~MASTER 42 I-TTL Master, active low - This input is used by an external device to disable the

internal DMA controllers and get access to the system bus. When asserted
it indicates that an external bus master has control of the bus.

4-112



® VLSI TECHNOLOGY, INC.

ADVANCE INFORMATION
VL82C331

SIGNAL DESCRIPTIONS (Cont.)

Signal Pin
Name Number

Signal
Type

Signal
Description

~MEMCS16 13

-l0CS16 15

—IOCHK 121

IOCHRDY 126

-WSo 125

POWERGOOD 115

PERIPHERAL INTERFACE
-CS8042/-RTC 108

XTALIN 118
XTALOUT 119
PS/-RCLR/ 117

-IRQ8

VBAT 116
SPKR 107

DATA BUFFER INTERFACE
XD7-XDO 91, 92,
94-99

I-TTL

I-TTL

I-TTL

I-TSPU

I-CMOS

I-TSPU

10-TTL

Memory Chip Select 16 bit - This input is used to determine when a 16-bit
to 8-bit conversion is needed for CPU accesses. A 16 to 8 conversion is
done anytime the Sytem Controller requests a 16-bit memory cycle and
-MEMCS16 is sampled high.

IO Chip Select 16 bit - This input is used to determine when a 16-bit to 8-
bit conversion is needed for CPU accesses. A 16 to 8 conversion is done
anytime the System Controller requests a 16-bit I/O cycle and -lIOCS16 is
sampled high.

10 Channel Check, active low - This input is used to indicate that an error
has taken place on the I/O bus. If I/O checking is enabled, an —IOCHK
assertion by a peripheral device generates an NMI to the processor. The
state of the ~IOCHK signal is read as data bit D6 of the Port B register.

/O Channel Ready - This input is pulled low in order to extend the read or
write cycles of any bus access initiated by the CPU, DMA controllers or
refresh controller. The default number of wait states for cycles initiated by
the CPU are four wait states for 8-bit peripherals, one wait state for 16-bit
peripherals and three wait states for ROM cycles. One DMA wait state is
inserted as the default for all DMA cycles. Any peripheral that cannot
present read data, or strobe-in write data in this amount of time must use
-IOCHRDY to extend these cycles.

Wait State 0, active low - This input is pulled low by a peripheral on the
S bus to terminate a CPU controlled bus cycle earlier than the default
values defined internally on the chip.

Systemn power on reset - This input signals that power to the board is
stable. A Schmitt-trigger input is used. This allows the input to be con-
nected directly to an RC network.

Chip Select for 8042, active low - This output is active any time an SA
address is decoded at 60h or 64h. It is intended to be connected to the
chip select of the keyboard controller. If BUSCTL[6]=1, this pin is also
active for RTC accesses at 70h and 71h. This is for use when the internal
RTC is disabled and an external RTC is used.

Crystal Input - An internal oscillator input for the real time clock crystal. It
requires a 32.768 KHz external crystal or stand-alone oscillator.

Crystal Output - An internal oscillator output for the real time clock crystal.
See XTALIN. This pin is a no connect when an external oscillator is used.

Power Sense, active high - Used to reset the status of the Valid RAM and
Time (VRT) bit. This bit is used to indicate that the power has failed, and
that the contents of the RTC may not be valid. This pin is connected to an
external RC network. When BUSCTL[6]=1, this pin becomes —IRQ8 input
for use with an external RTC.

Voltage Battery - Connected to the RTC hold-up battery.

Speaker - This output drives an externally buffered speaker. This signal is
created by gating the output of timer 2. Bit 1 of Port B, 61H, is used to
enable the speaker output, and bit 0 is used to gate the output of the timer.

Peripheral data bus - The bidirectional X data bus outputs data on an INTA
cycle or /O read cycle to any valid address within the VL82C331. It is con-
figured as an input at all other times.
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SIGNAL DESCRIPTIONS (Cont,)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

-SDSWAP

SDLH/-HL

-XDREAD

-LATLO

~LATHI

-PCK

~HIDRIVE

TEST MODE PIN

~TRI

101

102

103

. 104

105

111

113

114

POWER AND GROUND PINS

VDD

VsSs

19, 569, 79,
100, 139

10, 20, 30,

40, 60, 80, 81,
93, 106, 120,
130, 140, 150,
160

(o]

I-TPU

I-TPU

I-TPU

PWR

GND

System Data Swap, active low during some 8-bit accesses - It indicates
that the data on the SD bus must be swapped from low byte to high byte or
vice versa depending on the state of the SDLH/-HL pin. ~—SDSWAP is
active for 8-bit DMA cycles when an odd address access occurs for data
more than one byte wide. For non-DMA accesses, -SDSWAP is active for
any bus cycle to an 8-bit peripheral that is addressing the odd byte.

System Data Low to High, or High to Low - This signal is used to determine
which direction data bytes must be swapped when —-SDSWAP is active.
When SDLH/-HL is high, it indicates that data on the low byte must be
transferred to the high byte. When SDLH/-HL is low, it indicates that data
on the high byte must be transferred to the low byte. SDLH/~HL is low for
8-bit DMA memory read cycles. For non-DMA accesses, SDLH/-HL is low
for any memory write or /O write when —SBHE is low. SDLH/-HL is high
at all other times.

Peripheral Data Read - This output is active low any time an INTA cycle
occurs or an /O read occurs to the address space from 0000h to 00F7h,
which is defined as being resident on the peripheral bus.

Latch Low byte - This output is generated for all 1/O read and memory read
bus accesses to the low byte. It is active with the same timing as the read
command and returns high at the same time as the read command. This
signal latches the data into the data buffer chip so that it can be presented
to the CPU at a later time. This step is required due to the asynchronous
interface between the System Controller and VL82C331.

Latch High byte - This output is generated for all /O read and memory read
bus accesses to the high byte. It is active with the same timing as the read
command and returns high at the same time as the read command. This
signal latches the data into the data buffer chip so that it can be presented
to the CPU at a later time. This step is required due to the asynchronous
interface between the System Controller and VL82C331.

Parity Check input, active low with pull-up - Indicates that a parity error hasg
occurred in the on-board memory array. Assertion of this signal (if en-
abled) generates an NMI to the processor. The state of the —PCK signal is
read as data bit D7 of the Port B register.

High Drive Enable - This pin is a wire strap option. When this input is low,
all bus drivers defined with an IOL spec of 24 mA will sink the full 24 mA of
current. When this input is high, all pins defined as 24 mA have the output
low drive capability cut in half to 12 mA.

Three-state - This pin is used to control the three-state drive of all outputs
and bidirectional pins on the chip. If this pin is pulled low, all pins on the
chip except XTALOUT are in a high impedance mode. This is useful
during system test when test equipment or other chips drive the signals or
for hardware fault tolerant applications. —TRI has an internal pull-up.

Power connection, nominally +5 volts. These pins should each have 0.1
pF bypass capacitors.

Ground connection, 0 volts.
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SIGNAL TYPE LEGEND
Signal Code Signal Type
I-TTL TTL level input
I-TPU Input with 30k ohm pull-up resistor
|I-TSPU Schmitt-trigger input with 30k ohm pull-up resistor
I-CMOS CMOS level input
IO-TTL TTL level input/output
10-TPU TTL level input/output with 30k ohm pull-up resistor
IT-OD TTL level input/open drain output
[e] CMOS and TTL level compatible output
O-TS Three-state level output
GND Ground
PWR Power

FUNCTIONAL DESCRIPTION
DETAILED SUBSYSTEM
SPECIFICATION

The sections that follow cover detailed

operational information for the various
logical groupings of VL82C331 ISA Bus
Controller subsystems. In most of
these sections, the effect of any
applicable configurable elements that
can be controlled via indexed configura-
tion registers is discussed at length.
Operation of these registers is repeated
in summary form in the "Configuration
Register Operational Summary”
section. However, some lesser config-
urable functions are described only in
this section. Do not assume that the
information in that section is discussed
elsewhere.

MAJOR LOGIC BLOCK CHIP SELECT
GENERATION

The VL82C331 ISA Bus Controller
utilizes six VLSI Technology megacells;
two 8237 DMA controllers, two 8259
interrupt controllers, one 8254 counter/
timer, and one real time clock. Pro-
grammable /O access is required for
these and other internal logic blocks.
The logic block chip select subsection
consists of decodes of the signals
—MASTER, CPUHLDA and the address
bus A15-A0. This decode is used to
generate the chip select signals to each
major logic block within the Bus
Controller.

Data Port

00EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO

ROMDMA ROM 8-Bit DMA 16-Bit DMA DMA | MEMR
Wait States Walit States Wait States | Clock | Timing

The DMA subsection consists of two
8237 megacslls, two 8-bit latches to
hold the middle range address bits
during a DMA cycle and 1.25 74LS612
page register equivalents to generate
the upper range address bits during a
DMA operation. The DMA subsection
also has logic to allow separate
programming of the number of wait
states for 8- and 16-bit DMA cycles.
Defaults are standard AT-compatible
wait states. The timing for the leading
edge of the -MEMR signal is also
programmable. The DMA subsection
provides a total of seven external DMA
channels. Four of these channels are
used for 8-bit 1/O adapters and the other
three are used for 16-bit I/O adapters.
All channels are capable of addressing
all memory locations in a 64 Mbyte
address space.

The interrupt controller subsection
consists of two 8259 megacells
cascaded together to allow for 15
possible interrupt sources. IRQ2 is
used internally. —IRQ8 is available
externally only when the internal RTC is
disabled.

The counter/timer subsection contains a
single 8254 megacell. This megacaell
has three internal counters. All of the
counters are driven by a common clock
input. The output of counter zero is
routed to the interrupt controller
subsection to be used as interrupt
request zero. The output from counter
one drives the OUT1 pin to initiate
refresh cycles. Counter two's output is
gated with a signal from the Port B
register and is then output as SPKR to
drive the speaker.

The RTC megacell (82C018) is a direct
replacement for the 146818A real time
clock component. Clock functions
include the following:

» Time of day clock

« Alarm function

» 100 year calendar function

« Programmable periodic interrupt
output

114 bytes of User RAM
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TABLE 1. A15-A0 ADDRESS DECODES
A15-8 A7 A6 A5 A4 A3 A2 A1 A0 Address Chip Select Generated
0 0 0 0 0 X X X X 0000-00F DMA1 (8237)
0 0 0 1 X X X X X 0020-03F Interrupt 1 (8259)
0 0 1 0 0 0 0 X X 0040-043 Counter (8254)
0 0 1 1 0 X X X 1 0061-06F Port B (Odd Only)
0 0 1 1 1 0 0 0 0 0070 NMI Logic
0 0 1 1 1 0 0 0 X. 0070-071 Real Time Clock Access Ports
0 1 0 0 (o] X X X X 0080-08F DMA Page Registers
0 1 0 0 1 0 0 1 0 0092 Port A*
0 1 0 1 X X X X X 00A0-0BF Interrupt 2 (8259)
0 1 1 0 X X X X X 00C0-0DE DMA2
0 1 1 1 X X X X X 00EO0-OEF Configuration Registers*
1 1 1 1 X X X X X 00F0-OFF Coprocessor CS and RESET*
0 0 1 1 0 0 X 0 0 60, 64 —CS8042

* These entries are shown for completeness only. They are decoded and controlled by the System Controller except for ECh
and EDh, which are also used by the V82C331's configuration registers.

Notes: 1. Address bits A15-A0 are used to generate chip selects for each of the individual megacells. A map of the address
decode is shown in Table 1.

2. For all the address decodes shown, the inputs CPUHLDA or ~-MASTER must be low to generate a megacell chip
select.
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DMA SUBSECTION

The DMA subsection controls DMA
transfers between an /O channel and
on- or off-board memory. It generates a
hold request to the CPU when an /O
channel requests a DMA operation.
Once the hold has been acknowledged,
the DMA controller will drive the CPU
and the slot address buses. DMAs can
occur over the full 16M range available
on the slot bus and the 64M range of
system board DRAM and drive the
appropriate bus command signals
depending on whether the DMA is a
memory read or write. The DMA
controllers are 8237-compatible.
Internal latches are provided for latching
the middle address bits output by the
8237 megacells on the data bus, and
1.25 74LS612 memory mappers are
provided to generate the upper address
bits. Since a single 74LS612 is only

capable of accessing 16 Mbytes in an
AT-compatible fashion, two additional
bits are required to extend the architec-
ture for a 64 Mbyte system. Therefore,
an extra 1/4 of a 74L.S612 is imple-
mented. This is discussed in the
section "Page Registers” and is func-
tional only when used with the
VL82C386 chip set.

DMA Controllers

The Bus Controller supports seven
DMA channesls using two 8237 equiva-
lent megacells capable of running at
SYSCLK or SYSCLK/2. This option is
programmable via the indexed configu-
ration register, ROMDMA. DMA
controller 1 contains channels 0 through
3. These channels support 8-bit 1/0
adapters. Channels 0 through 3 are
used to transfer data between 8-bit pe-
ripherals and 8- or 16-bit memory. A

full 26-bit address is output for each
channel so they can all transfer data
throughout the entire 64 Mbyte system
address space when used with the
VL82C386 chip set. Each channel can
transfer data in 64 kilobyte pages.

DMA controller 2 contains channels 4
through 7. Channel 4 is used to
cascade DMA controller 1, so it is not
available externally. Channels 5
through 7 support 16-bit I/O adapters to
transfer data between 16-bit /0 adapt-
ers and 16-bit system memory. A full
26-bit address is output for each
channel so they can all transfer data
throughout the entire 64 Mbyte system
address space. Each channel can
transfer data in 128 kilobyte pages.
Channels 5, 6 and 7 are meant to
transfer 16-bit words only and cannot
address odd bytes in system memory.

FIGURE 1. DMA SUBSECTION BLOCK DIAGRAM

> 8237 EOP
A7-A0 ) >—»Toc
o - DMA B —DACK3 -
XD7-XDO | CONTROLLER —DACKO
<1 1
DRQ3-DRQO o B —AEN1
A8-AQ ~— 5> —— o RDY
> HLDA
XD7-XDO g -l
> XD7-XDo ADSTB1
@ fo 8237 MIDDLE TI» A16-A8
AsA L - ADDRESS
I EOP LATCH
XD7-XDo DMA
CONTROLLER ADSTB2
DRQ7-DRQ5 o 2 B DMAHRQ
DMAHLDA g HLDA B —AEN2
T B> RDY B _DACK7-
-IOR, -IOW —@ ~DACK5
~MEMR, ~-MEMW MEMR _I PMARDY
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CONTROL ;"I"EMR Ate
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DMA Controller Registers

The 8237 megacells can be pro-
grammed any time CPUHLDA is
inactive. Table 2 lists the addresses of
all registers which can be read or
written in the 8237 megacslls. Ad-
dresses under DMA2 are for the 16-bit
DMA channels and DMA1 corresponds
to the 8-bit channels. When writing to a
channel's address or word count
register, the data is written into both the
base register and current register simul-
taneously. When reading a channel's
address or word count register only, the
current address or word count can be
read. The base address and base word
count are not accessible for reading.

The address and word count registers
for each channel are 16-bit registers.
The value on the data bus is written into
the upper or lower byte depending on
the state of the internal addressing flip-
flop. This flip-flop can be cleared by the
clear byte pointer flip-flop command.
After this command, the first read/write

to an address or word count register will
read/write to the low byte of the 16-bit
register and the byte pointer flip-flop will
toggle to a one. The next read/write to
an address or word count register will
read/write to the high byte of the 16-bit
register and the byte pointer flip-flop will
toggle back to a zero. Refer to the
8237 data sheet for more information on
programming the 8237 megacell.

The 8237 DMA controller megacells
allow the user to program the active
level (low or high) of the DREQ and
-DACK signals. Since the two meg-
acells are cascaded together internally
on the chip, these signals should
always be programmed with the DREQ
signals active high and the -DACK
signals active low.

When programming the 16-bit channels
(channels 5, 6 and 7), the address
which is written to the base address
register must be the real address
divided by two. Also, the base word

count for the 16-bit channels is the
number of 16-bit words to be trans-
ferred, not the number of bytes as is the
case for the 8-bit channels.

It is recommended that all internal
locations, especially the mode registers,
in the 8237 megacells be loaded with
some valid value. This should be done
even if the channels are not used.

Middle Address Bit Latches

The middle DMA address bits are held
in an internal 8-bit register. The DMA
controller will drive the value to be
loaded onto the internal data bus and
then issue an address strobe signal to
latch the data bus value into this
register. An address strobe is issued at
the beginning of a DMA cycle and any
time the lower 8-bit address increments
across the 8-bit subpage boundary
during block transfers. This register
cannot be written to or read externally.
It is loaded only from the address strobe
signals from the megacslls and the
outputs go only to the A16-A8 pins.

TABLE 2. 8237 READ/WRITE ADDRESS

Hex Address

DMA2 DMA1 Regilster Function
00CO 0000 Channel 0 Base and Current Address Register
00C2 0001 Channel 0 Base and Current Word Count Register
00C4 0002 Channel 1 Base and Current Address Register
00C6 0003 Channel 1 Base and Current Word Count Register
0oCs8 0004 Channel 2 Base and Current Address Register
00CA 0005 Channel 2 Base and Current Word Count Register
0oCC 0006 Channel 3 Base and Current Address Register
00CE 0007 Channel 3 Base and Current Word Count Register
00D0 0008 Read Status Register/Write Command Register
0oD2 0009 Write Request Register
00D4 000A Write Single Mask Register Bit
00Ds 000B Write Mode Register
ooD8 000C Clear Byte Pointer Flip-flop
00DA 000D Read Temporary Register/Write Master Clear
00DC 000E Clear Mask Register
00DE 000F Write All Mask Register Bits
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Page Registers

D4 D3 D2 D1 Do

Data Port

O0EDh (R/W) D7 D6 D5

612AXS Enable| 4XX 1
(82) FF |Enable

1 1 1 1 FF
PTR

An extended 74L.S612 cell is used in
the Bus Controller to generate the page
registers for each DMA channel. The
page registers provide the upper
address bits during a DMA cycle. DMA
addresses do no increment or decre-
ment across page boundaries. Page
boundaries for the 8-bit channels
(channels 0 through 3) are every 64
kilobytes and page boundaries for the
16-bit channels (channels 5, 6 and 7)
are every 128 kilobytes. There are a
total of 16 8-bit registers and eight 2-bit
registers in the extended 612 megacell.

The indexed configuration register
ROMDMA is used to program the
extended DMA features. In addition to
the description below, see the section
"Configuration Register Operational
Summary" for more information. Bit 7
enables the extended DMA functions.
The VL82C386 chip set contains a
superset of the PC/AT DMA design
which allows full access to the entire
64M range of the VL.82C386 chip set.
In order to do this, a second 612
memory mapper subset is added to
allow access to the two required upper
address bits, A24 and A25. When bit 7
=0, the extended functionality is
disabled. Any previously stored values
for A24 and A25 are disabled and both
bits are forced to 0. This mode is fully
compatible with the PC/AT-standard.
When bit 7 = 1, the extended mode is
enabled. A24 and A25 can be set in the
memory mapper page register by
setting bit O of this register to 1 and
writing the data to the same address
used for the lower page register byte.
Resetting bit 0 to 0 allows access to the
lower page registers. See the bit 0
discussion below for more detail. At
power-on-reset, this bit defaults to 0 for
complete AT-compatibility.

Bit 6 enables EISA compatibility when
set to 1 by allowing access to the upper
DMA page address bits at I/0 ad-
dresses 4XX in accordance with Table
3. When set to 1, it also enables the
extended DMA system and allows the
contents of the upper page register's
A24 and A25 to be used.

Bit 0 allows access to either the lower
address bits, A16-A23 of the DMA page
register when set to O or allows access
to the upper address bits A24 and A25
when setto 1. The state of this bit has
no effect unless bit 7 of this register has
been previously setto 1. As an
example, when bit 7 =1 and bit0 =0, a
write to address 08Ah will update A16-
A23 in the lower DMA page register
space. Bit 0 auto-increments on any
write to the DMA register space
between 0080h and 008Fh. Therefore,
if the next operation is a write to 008Ah,
the upper address bits A24 and A25 are
updated. The next access to this
register space automatically accesses
the lower byte of that address. When-
ever D7 = 0, this bit is reset and held at
logic 0. This bit is reset to 0 on POR.

These registers must be written to
select the correct page for each DMA
channel before any DMA operations are
performed. The other address locations
between 0080h and 008Fh not shown in
Table 4 and are not used by the DMA
channels, but can be read or written to
by the CPU. Address 008Fh (and
0048Fh) is used to drive a value onto
the upper address bits A25-A17 of the
CPU's address bus during a refresh
cycle.

Important Difference for VL82C286
Chip Set Users

The VL82C286 chip set for use in 286-
and 386SX-based systems has a 32

TABLE 3. DMA PAGE

REGISTER ACCESS
OPTION 1
A25-A24 A23-A16
Address Address
DMA
B6=1 | B6=0 B6=X Channel
0487h NA 0087h (o]
0483h | NA 0083h |1
0481h| NA 0081th |2
0482h| NA 0082h 3
048Bh| NA 008Bh | 5
048%h { NA 008%h |6
048Ah| NA 008Ah |7
048Fh| NA 008Fh | -REFRESH

TABLE 4. DMA PAGE

REGISTER ACCESS
OPTION 2
A25-A24 A23-A16
Address Address DMA
B0=1, B7=1 | B0=0, B7=1 Channel
0087h 0087h 0
0083h 0083h 1
0081h 008th 2
0082h 0082h 3
008Bh 008Bh 5
008%h 0089h 6
008Ah 008Ah 7
008Fh 008Fh -REFRESH

Mbyte limit for its largest memory map.
However, only the standard DMA
operation below 16 Mbytes is sup-
ported. When the Bus Controller is
strapped for 286/386SX mode via no
connect or external pull-up on the
(C286) —386DX pin, bits 6 and 7 of the
612AXS indexed register are held low.
This disables extended DMA mode. At-
tempts to write a 1 to these bits via
software has no effect and subsequent
reads of the bits will return a 0.
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Address Generation

The DMA addresses are set up such
that there is an upper address portion,
used to select a specific page, a middle
address portion used to select a block
within the page and a lower address
portion.

The upper address poition is generated
by the page registers, in the 74LS612
equivalent megacell. The page
registers for each channel must be set
up by the CPU before a DMA operation.
DMA addresses do not increment or
decrement across page boundaries.
Page sizes are 64 kilobytes for 8-bit
channels (channels 0 through 3) and
128 kilobytes for 16-bit channels
(channels 5, 6 and 7). The DMA page
register values are output on A25-A16
for 8-bit channels and A25-A17 for 16-
bit channels.

The middle address portion, used to
select a block within the page, is
generated by the 8237 megacells at the
beginning of a DMA operation and any
time the DMA address increments or
decrements through a block boundary.
Block sizes are, 256 bytes for 8-bit
channels (channels 0 through 3) and
512 bytes for 16-bit channels (channels
5, 6 and 7). This middle address
portion is output by the 8237 megacells
onto the internal data bus during state
S1. The internal middle address bit
latches will latch this value in. The
middle address bit latches are output on
A15-A8 for 8-bit channels and A16-A9
for 16-bit channels.

The lower address portion is generated
directly by the 8237 megacells during
DMA operations. The lower address
bits are output on A7-A0 for 8-bit chan-
nels and A8-A1 for 16-bit channels. A0
and -SBHE are forced low during 16-bit
DMA operations. —SBHE is forced to
the opposite value of A0 for 8-bit DMA.

—SBHE is configured as an output
during all DMA operations and will be
driven as the inversion of A0 during 8-
bit DMA cycles and forced low for all
16-bit DMA cycles.

TABLE 5. DMA ADDRESSING FOR SLOT BUS ACCESSES

Outputs from 74LS612 Page Registers

Outputs from Middle Address Latches

Address Outputs from 8237
8-Bit DMA Address Bits
16-Bit DMA Address Bits
M9
M8
M7 LA23 LA23
M6 LA22 LA22
M5 LA21 LA21
M4 LA20 LA20
M3 S/LA19 S/LA19
M2 S/LA18 S/LA18
M1 S/LA17 S/LA17
MO SA16
D7 SA15 SA16
D6 SA14 SA15
D5 SA13 SA14
D4 SA12 SA13
D3 SA11 SA12
D2 SA10 SA11
D1 SA9 SA10
DO SA8 SA9
A7 SA7 SA8
A6 SA6 SA7
A5 SA5 SA6
A4 SA4 SA5
A3 SA3 SA4
A2 SA2 SA3
A1 SA1 SA2
A0 SA0 SA1
VSS SAO
-A0 -SBHE .
VSS ~SBHE
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Table 5§ shows the mapping from the TABLE 6. DMA ADDRESSING IN 386DX MODE

DMA subsystem signals to slot bus
signals for both the VL82C386 and Outputs from 74LS612 Page Registers

VL82C286 chip sets. For the latter chip Outputs from Middle Address Latches

set, the equivalent signals are also Address Outputs from 8237

driven onto the local address bus. 8-Bit DMA Address Bits

Table 6 shows the mapping of DMA

subsystem signals to lggal address bus 16-Bit DMA Address Bits
signals for the VL82C386 system. M9 A25 A25

Ready Control M8 A4 A24

The ready input to each of the 8237 M7 A23 A23
megacells is driven from the same Msé A22 A22

source within the ready control logic.

The Bus Controller ready control logic MS A21 A

forces the preprogrammed number of M4 A20 A20

wait states on every DMA transfer. M3 A19 A19

POR defaults to one wait state for both M2 A8 A8

8- and 16-bit transfers. Other options

can be programmed after POR in the M1 A7 A17
indexed configuration register Mo A16

ROMDMA. The external signal D7 A15 At6
IOCHRDY goes into the ready control

logic to further extend transfer cycles if Dé Al4 A1S
needed. To add extra wait states, an DS A13 A4
external device should pull IOCHRDY D4 A12 A13

low within the setup time before the D3 A1l A12
second phase of the internal DMA clock

no Iater't)han the last forced wait state D2 A10 Al

cycle. The current DMA cycle will then D1 A9 A10

be extended by inserting wait states DO A8 A9

until IOCHRDY is returned high. A7 A7 A8
IOCHRDY going high must meet the

setup time at the beginning of a wait A8 A8 A7

state cycle or an extra wait state will be A5 A5 A6

inserted before the DMA controller A4 A4 A5
transitions to state S4. ) A3 A3 A4
External Cascading A2 A2 A3

An external DMA controller or bus Y " A2

master can be attached to an AT-

compatible design through the A0 ) -
VL82C331's DMA controllers. To add

an external DMA controller, one of the’ *Byte Enables ~BEO- —-BE3 Controlled:

seven available DMA channels must be Case A0 Al _BE3 _BE2 —_BE1 —_BEO
programmed in cascade mode. That -

channels DRQ signal should then be 1 0 0 High High High Low
connected to the external DMA control- 2 Y 1 High High Low High
|e£r)': S'I(RQ out;lafut. ',I]'he corresponding 3 1 0 High Low High High
~ signal for that channel should - "

be connected to the external DMA con- 4 ! L Low High High High
troller's HLDA input. When one of the -

seven channels is programmed in Byte Enables -BEO- -BE3 Controlled:

cascade mode and that channel is Case A0 -BE3 -BE2 -BE1 -BEO
acknowledged, the Bus Controller will 1 0 High High Low Low
not drive the data bus, the command > ] L L Hiah "
signals or the address bus. - ow ow '9 High
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An external device can become a bus TABLE 7. DMA ADDRESSING SYSTEM BOARD MEMORY
master and control the syst‘em address, IN 286/386SX MODE
data and command buses in much the
same manner. One of the external Outputs from 74LS612 Page Registers
channels must be programmed in Outputs from Middle Address Latches
cascade mode. The e)fternal} device Address Outputs from 8237
B et et st - DACK 8Bt DMA Address Bits
line goes active, the external device can 16-Bit DMA Address Bits
then pull the ~MASTER signal low. As M9
in the DMA controller cascading, the Ms
dtacand command signals whie the. M7 A23 A3
cascaded channel's -DACK signal is Ms A22 A22
active. M5 A21 A21
M4 A20 A20
M3 A19 A19
M2 A18 A18
M1 A17 A17
Mo A16
D7 A15 A16
D6 - A14 A15
D5 A13 A14
D4 A12 A13
D3 A11 A12
D2 A10 A1
D1 A9 A10
Do A8 A9
A7 A7 A8
A8 A6 A7
A5 A5 A6
A4 Ad A5
A3 A3 Ad
A2 A2 A3
Al A1 A2
Ao A0/-BLE A1
Vss A0/-BLE
-AO -BHE
VSS —-BHE
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Programming DMA Options

Data Port

OEDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

ROMDMA ROM 8 Bit DMA 16 Bit DMA DMA | MEMR
(81) Wait States Wait States Wait States Clk | Timing

The original PC/AT DMA specification is DMA Wait States

lacking in the true speed one normally
associates with DMA activity. For
compatibility, the Bus Controller fully
supports that specification as its POR
defaults. However, a variety of pro-
grammable options are provided in
order to enhance DMA performance, if
desired. The extended DMA support for
64 Mbyte memory space in the
VL82C386 chip set has previously been
addressed in the "Page Registers"
section. In the following sections, pro-
grammable wait state, DMA clock, and
~MEMR timing are discussed. Actual
programming of the ROMDMA registers
in order to effect the desired system

Zero, one, or two wait states can be in-
dependently programmed for 8-bit and
16-bit DMA transfers. (Default = one
wait state.)

DMA Clock

The DMA clock can be programmed to
occur at the normal SYSCLK/2 rate (bit
1 =0) or at SYSCLK rate (bit 1 = 1).
(Default = 0)

-~MEMR Delay

To maintain an AT-compatible design,
the VL82C331 POR default inserts a
one DMA clock cycle delay in the falling
edge of the -MEMR signal. -MEMR
will go low one DMA clock later than the

high. This maybe reprogrammed to
remove this one clock cycle delay on
the falling edge of -MEMR by setting bit
0 of ROMDMA to a 1. (Default = 0)

INTERRUPT CONTROLLER
SUBSECTION

The interrupt controller subsection is
made up of two 8259 megacells with
eight interrupt request lines each for a
total of 16 interrupts. The two meg-
acells are cascaded internally on the
VL82C331 and two of the interrupt
request inputs are connected to internal
circuitry. This nominally allows a total
of 13 external interrupt requests or 14
when the internal RTC is disabled.

All external interrupt request signals
have an internal pull-up resistor to
eliminate noise on unconnected request
pins.

The following interrupt request signals
are different from the standard interrupt
request in some way.

performance changes is covered in the ~MEMR signal coming out of the 8237 IRQ0  This interrupt is connected to
"Configuration Register Operational megacell. The rising edge is not altered the OUTO of the 8254 meg-
Summary" section. and will go high at the same time the acell and is not available as an
—MEMR signal from the megacell goes external input.
FIGURE 2. INTERRUPT CONTROLLER BLOCK DIAGRAM
‘ 8259 INT » INTR
IRQ2 T
-IOR ] —-RD SP/EN VDD
-low ™ "R wrERRUPT
A0 g AO CONTROLLER
XD7-XDO 1
IRQ7-IRQ3, CASO
IRQ1, IRQO - CAS1
XD7-XD0 g
—=INTA 8259 INT
-RD
> SP/EN VsS
B -WR 1
INTERRUPT
1 AO CONTROLLER
XD7-XDO 5
CASO
IRQ15-IRQ8 - oAST
L] -INTA CAS2
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IRQ2 IRQ2is used to cascade the
two 8259 megacells together
and is not available as an
external input.

—IRQ8 -IRQ8 input is internally

connected to the real time
clock megacell's interrupt pin
when bit 6 of configuration
register BUSCTL=0. When
BUSCTL[6] is set to 1, the
Interrupt Controller's —-IRQ8
input pin is connected to the
VL82C331's pin 117 for
connection to the —IRQ pin of
an external RTC.

A typical interrupt sequence would be
as follows. Any unmasked interrupt will
generate the INTR signal to the CPU.
The interrupt controller megacells will
then respond to the —INTA pulses from
the CPU. On the first —INTA cycle the
cascading priority is resolved to
determine which of the two 8259
megacells will output the interrupt
vector onto the data bus. On the
second —INTA cycle the appropriate
8259 megacell will drive the data bus
with the correct interrupt vector for the
highest priority interrupt.

Because the two megacells are
cascaded internally on the VL82C331,
they should never be programmed to
operate in the buffered mode. See the
section "ISA Bus Controller/System
Controller Interchip Communication” for
special use of interrupt control during
sleep mode.

Interrupt Controller Registers
The internal registers of the 8259
megacells are written to in the same

TABLE 8. INTERRUPT CONTROLLER WRITE OPERATIONS

INT1 INT2 XD4 XD3 Register Function
0020h 00AOh 1 X Write ICW1

0021h 00A1h X X Write ICW2

0021h 00A1h X X Write ICW3

0021h 00A1h X X Write ICWA4 (if needed)
0021h 00A1h X X Write OCW1

0020h 00ACh 0 0 Write OCW2

0020h 00ACh 0 1 Write OCW3

TABLE 9. INTERRUPT CONTROLLER READ OPERATIONS

INT1 INT2 Register Function
0020h | 00AOCh | Interrupt Request Register, In-Svc Register or Poll Command
~ 0021h | 00Ath Interrupt Mask Register

way as in the standard part. Table 8
shows the correct addressing for each
of the 8259 registers.

Before normal operation can begin,
each 8259 megacell must follow an
initialization sequence. The sequence
is started by writing Initialization
Command Word 1 (ICW1). After ICW1
has been written, the 8259 megacell
expects the next writes to follow in the
sequence ICW2, ICW3 and ICW4 if it is
needed. The Operation Control Words
(OCW) can be written at any time after
initialization.

In the standard 8259 megacell, ICW3 is
optional. But since the two 8259's in
this chip are cascaded together they
should always be programmed in
cascade mode and ICW3 will always be
needed. Refer to the 8259 data sheet
for more information on programming
the 8259 megacell.

When reading at address 0020h or
00AGOh, the register read will depend on
how Operation Control Word 3 was set
up prior to the read.
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COUNTER/TIMER SUBSECTION
The timer subsection consists of one
8254 counterftimer megacell config-
ured as shown in Figure 3. The clocks
for each of the three internal counters
are tied to the 14.318 MHz oscillator
through a divide by 12 counter. The
gate inputs of counters zero and one
are tied high to enable those counters
at all times. The gate input of counter
two is tied to bit 0 of the Port B register
inside the VL82C331.

One of the 8254 megacsll counter
outputs is directly available at an
external pin. Counter zero's output is
connected to the IRQO input of
interrupt controller one. Counter one's
output goes to the pin OUT1. Finally,
counter two's output goes to an AND
gate which drives the output pin SPKR.
The other input on this AND gate is
connected to bit 1 of the Port B
register.

Counter/Timer Registers

The internal registers of the 8254
counterttimer megacell are written to in
the same way as in the standard part.
Table 10 shows the correct addressing
for each of the 8254 registers.

The write control word at address 0043
hex could also be the counter latch
command or read back command
depending on the values on the data
bus. Refer to the 8254 data sheet for
more information on programming the
8254 megacell.

FIGURE 3. COUNTER/TIMER BLOCK DIAGRAM

0SC/12

PORT B, 1

VDD

8254

-

CLKO
GATO

CLK1
GAT1

CLK2
GAT2

-WR
-RD

ouUTO l——— g TOINTERRUPT
CONTROLLER

oM b OUTi

out2 SPKR

COUNTER
TIMER

TABLE 10. COUNTER/TIMER ADDRESSING REGISTERS

Addr -1OR —Jow Register Function

0040h 1 0 Write Initial Count to Counter
0040h 0 1 Read Count/Status from Counter 0
0041h 1 0 Write Initial Count to Counter 1
0041h 0 1 Read Count/Status from Counter 1
0042h 1 0 Write Initial Count to Counter 2
0042h 0 1 Read Count/Status from Counter 2
0043h 1 0 Write Control Word

0043h 0 1 No Operation
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REAL TIME CLOCK
The VL82C331 contains VLSI Technol-
ogy's real time clock megacsll. ltis
100% compatible with the 146818A and
contains additional battery backed RAM
within its address space in order to
support non-volatile configuration
register storage. Enough storage is
provided to store the VL82C331's and
System Controller's configuration data.

~ Additional storage is provided in order
to support future chip set enhance-
ments and other planned VLSI Technol-
ogy peripherals.

Real Time Clock Programmer's
Model

The RTC memory consists of ten RAM
bytes which contain the time, calendar,
and alarm data, four control and status
bytes, and 114 general purpose RAM
bytes. The address map of the real
time clock is shown in Table 11.

All 128 bytes are directly readable and
writeable by the processor program
except for the following:

1) Registers C and D are read-only.
2) Bit 7 of Register A is read-only.

This RTC configuration represents an
extension to the 146818A architecture.
An additional 64 bytes of standby RAM
have been added to the RTC memory
map. This area provides space to store
chip set configuration data and provides
ample additional storage in order to
support future chip set versions and
extra BIOS scratch pad memory.

The processor program obtains time
and calendar information by reading the
appropriate locations. The program
may initialize the time, calendar, and
alarm by writing to these RAM loca-
tions. The contents of the ten time,
calendar, and alarm bytes may be
either binary or binary-coded decimal
(BCD).

Time of Day Register Descriptions
The contents of the time of day regis-
ters can be either in binary or BCD
format. They are relatively straight-
forward, but are detailed here for
completeness. The address map of
these registers is shown in Table 11
and following.

TABLE 11. REAL TIME CLOCK ADDRESS MAP

:::;r Function Range

00 Seconds (Time) 0-59

01 Seconds (Alarm) 0-59

02 Minutes (Time) 0-59

03 Minutes (Alarm) 0-59

04 Hours (Time) 1-12; 12 Hour Mode
04 Hours (Time) 0-23; 24 Hour Mode
05 Hours (Alarm) 0-23

06 Day of Week 1-7

07 Date of Month 1-31

08 Month 1-12

09 Year 0-99

0A RTC Register A (Read/Write)
oB RTC Register B (Read/Write)
oC RTC Register C (Read-only)
oD RTC Register D (Read-only)
OE-7F User RAM (Standby)

Address 00 - Seconds:
The range of this register is 0-60 in

BCD mode, and 0-3Bh in binary mode.

Address 01 - Seconds Alarm:
The range of this register is 0-60 in

BCD mode, and 0-3Bh in binary mode.

Address 02 - Minutes:
The range of this register is 0-60 in

BCD mode, and 0-3Bh in binary mode.

Address 03 - Minutes Alarm:
The range of this register is 0-60 in

BCD mode, and 0-3Bh in binary mode.

Address 4 - Hours:
The range of this register is:

Range Mode Time
1-12 BCD AM
81-92 BCD PM
01h-0Ch Binary AM
81h-8Ch Binary PM

Address 05 - Hours Alarm:
The range of this register is:

Range Mode Time
1-12 BCD AM
81-92 BCD PM
01h-0Ch Binary | AM
81h-8Ch Binary PM

Address 06 - Day of Week:
The range of this register is 1-7 in BCD
mode, and 1-7h in binary mode.

Address 07 - Date:
The range of this register is 1-31 in
BCD mode, and 1-1Fh in binary mode.

Address 08 - Month:
The range of this register is 1-12 in
BCD mode, and 1-0Ch in binary mode.

Address 09 - Year:
The range of this register is 0-99 in
BCD mode, and 0-63h in binary mode.
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RTC Control Register Descriptions the SET bit in register B to a 1 will
The RTC megacell has four registers RS Value | Perlodic Interrupt Rate inhibit any update cycle and then clear
which are accessible to the processor the UIP status bit.
y 00 None
program. The four registers are also Register B Description
fully accessible during the update cycle. 01 3.90625 ms Register B contains command bits to
Hex - 02 8125 control various modes of operations
Addr | Function Type 7 ms and interrupt enables for the RTC. The
oA RTC Register A RW 03 122.070 us bits in this register are defined as
follows:
0B RTC Register B RW 04 244.141ps
[o[¢] RTC Register C R-O 05 488.281 ps Bit | Description Abbr
ob RTC Register D R-O 06 976.562 us 0 | Daylight Savings Enable DSE
0E-7F | User RAM (Standby) RW 07 1.953125 ms 1 24/12 Mode 24/12
Reglster A Description 08 3.90625 ms 2 | Data Mode (Binary or BCD) | DM
This register contains control bits for the 09 7.8125ms 3 | Not Used
selaction of periodic interrupt, input
divisor, and the update in progress 0Ah 15.625 ms 4 | Update End Interrupt Enable | UIE
status bit. The bits in the register are oBh 31.25 ms 5 | Alarm Interrupt Enable AlE
defined as follows: -
oCh 62.5ms 6 | Periodic Interrupt Enable PIE
Bit | Description Abbr oDh 195 ms 7 | Set Command SET
0 Rate Select Bit 0 RSO
OEh 250 ms Bit 0 - The daylight savings enable
1 Rate Select Bit 1 RS1 OFh 500 ms (DSE) bit is a read/write bit which allows
2 Rate Select Bit 2 RS2 the program to enable two special
- Bits 6-4 - The three divisor selection updates (when DSE is 1). On the first
3 Rate Select Bit 3 RS3 bits (DV2-DVO0) are fixed to provide for Sunday in April the time increments
4 Divisor Bit 0 DVoO only a 15-stage divider chain, which from 1:59:59' AM to 3:00:00 AM. (?n the
would be used with a 32 KHz external last Sunday m.Oc.tober when the time
5 | DivisorBit1 DV crystal. Only bit 6 of this register can first reaches 1:50:50 AM it changes to
6 Divisor Bit 2 DV2 be changed allowing control of the reset  1:00:00 AM. These special updates do
for the divisor chain. When the divider not occur when the DSE bit is 0. DSE
7 | Update in Progress uiP reset is removed, the first update cycle ;iso:(s)tc::rhri[;ge?d by any internal opera-

Bits 3-0 - The four rate selection bits
(RS3 to RSO0) select one of 15 taps on
the 15-stage divider, or disable the
divider output. The tap selected may
be used to generate a periodic interrupt.
These four bits are read/write bits which
are not affected by RESET. The
periodic interrupt rate that results from
the selection of various tap values is as
follows:

begins one-half second later. These
bits are not affected by power-on reset
(external pin).

DV Value | Condition

2 Operation Mode, Divider
Running

6 Reset Mode, Divider in
Reset State

Bit 7 - The update in progress (UIP) bit
is a status flag that may be monitored
by the program. When UIP is a 1, the
update cycle is in progress or will soon
begin. When UIP is a 0, the update
cycle is not in progress and will not be
for at least 244 ps. The time, calendar,
and alarm information in RAM is fully
available to the program when the UIP
bit is 0. The UIP bit is a read-only bit,
and is not affected by RESET. Writing

Bit 1 - The 24/12 control bit establishes
the format of the hours bytes as either
the 24-hour mode (1) or the 12-hour
mode (0). This is a read/write bit, which
is affected only by software.

Bit 2 - The data mode (DM) bit indicates
whether time and calendar updates are
to use binary or BCD formats. The DM
bit is written by the processor program
and may be read by the program, but is
not modified by any internal functions or
reset. A 1in DM signifies binary data,
while a 0 signifies BCD data.

Bit 3 - This bit is unused.

Bit 4 - The UIE (update end interrupt
enable) bit is a read/write bit which
enables the update-end flag (UF) bit in
register C to assert an IRQ. The
RESET pin being asserted or the SET
bit going high, clears the UIE bit.
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Bit 5 - The alarm interrupt enable (AIE)
bit is a read/write bit which when set to
a 1 permits the alarm flag (AF) bit in
register C to assert an IRQ. An alarm
interrupt occurs for each second that
the three time bytes equal the three
alarm bytes (including "don't care”
alarm code of 11XXXXXXb). When the
AIE bit is a 0, the AF bit does not initiate
an IRQ signal. The RESET pin clears
AIE to 0. The internal functions do not
affect the AlE bit.

Bit 6 - The periodic interrupt enable
(PIE) bit is a read/write bit which allows
the periodic interrupt flag (PF) bit in
register C to cause the IRQ pin to be
driven low. A program writes a 1 to the
PIE bit in order to receive periodic
interrupts at the rate specified by the
RS3, RS2, RS1, and RSO bits in
register A. A 0 in PIE blocks IRQ from
being initiated by a periodic interrupt,
but the periodic flag (PF) bit is still set at
the periodic rate. PIE is not modified by
an internal functions, but is cleared to 0
by a reset.

Bit 7 - When the SET bit is a 0, the
update cycle functions normally be
advancing the counts once-per-second.
When the SET bit is written to a 1, any
update cycle in progress is aborted and
the program may initialize the time and
calendar bytes without an update
occurring in the midst of initializing.
Also, all time and calendar bytes should
be initialized when the SET bit is written
to a 1. SET is a read/write bit which is
not modified by reset or internal
functions.

Register C Description

Register C contains status information
about interrupts and internal operation
of the RTC. The bits in this register are
defined as follows:

Abbr

t | Description
Not Used, Read as 0

Not Used, Read as 0
Not Used, Read as 0

Not Used, Read as 0
Update Ended Flag UF

Alarm Interrupt Flag AF

Periodic Interrupt Flag | PF
IRQ Pending Flag IRQF

Njojloaulh|lO]INM]|=wO

Bits 3-0 - The unused bits of status
register C are read as 0's and cannot
be written.

Bit 4 - The update ended interrupt flag
(UF) bit is set after each update cycle.
When the UIE bit is a 1, the 1 in UF
causes the IRQF bit to be a 1, asserting
the IRQ. UF is cleared by a register C
read or a reset.

Bit5 - A 1 in the AF (alarm interrupt
flag) bit indicates that the current time
has matched the alarm time. A 1 inthe
AF causes the IRQ pin to go low, and a
1 to appear in the IRQF bit, when the
AIE bit alsois a 1. Areset or a read of
register G clears AF.

Bit 6 - The periodic interrupt flag (PF) is
a read-only bit which is set to a 1 when
a particular edge is detected on the
selected tap of the divider chain. The
RS3-RS0 bits establish the periodic
rate. PF is set to a 1 independent of
the state of the PIE bit. PF being a 1
initiates an IRQ signal and sets the
IRQF bit when PIE is also a 1. The PF
bit is cleared by a reset or a software
read of register C.

Bit 7 - The interrupt request flag (IRQF)
is set to a 1 when one or more of the
following are true:

PF = PIE = 1
AF = AIE =1
UF=UIE =1

The logic can be expressed in equation
form as:

IRQF = PF « PIE + AF « AIE + UF « UIE

Any time the IRQF bit is a 1, the IRQ
pin is asserted. All flag bits are cleared
after register C is read by the program
or when the RESET pin is asserted.

Register D Description

This register contains a bit that indi-
cates the status of the on-chip standby
RAM. The contents of the registers are
described as the following:

o
-*

Description Abbr

Not Used, Read as 0

Not Used, Read as 0

Not Used, Read as 0

Not Used, Read as 0

Not Used, Read as 0

Not Used, Read as 0

Not Used, Read as 0

NjojoulsrjlwINM|2|O

Valid RAM Data and Time | VRT

Bits 6-0 - The remaining bits of register
D are unused. They cannot be written,
but are always read as 0's.

Bit7-

CMOS Standby RAM Description
The 114 general purpose RAM bytes
are not dedicated to RTC use within the
RTC. They are fully available during
the update cycle.

General Operational Notes

Set Operation:

Before initializing the internal registers,
the SET bit in register B should be set
to a 1 to prevent time/calendar updates
from occurring. The program initializes
the ten locations in the selected format
(binary or BCD), then indicates the
format in the data mode (DM) bit of
register B. All ten time, calendar, and
alarm bytes must use the same data
mode, either binary or BCD. The SET
bit may now be cleared to allow
updates. Once initialized, the RTC
makes all updates in the selected data
mode. The data mode cannot be
changed without reinitializing the ten
data bytes.

BCD VS Binary Format:

The 24/12 bit in register B establishes
whether the hour locations represent 1-
to-12 or 0-to-23. The 24/12 bit cannot
be changed without reinitializing the
hour locations. When the 12-hour
format is selected the high order bit of
the hours byte represents PM when it is
al.

Update Operation:

The time, calendar, and alarm bytes are
not always accessible by the processor
program. Once-per-second the ten
bytes are switched to the update logic
to be advanced by one second and to

4-128



& VLSI TECHNOLOGY, INC.

ADVANCE INFORMATION

VL82C331

check for an alarm condition. If any of
the ten bytes are read at this time, the
data outputs are undefined. The update
lockout time is 1948 ps for the 32.768
KHz time base. The update cycle
section shows how to accommodate the
update cycle in the processor program.

Alarm Operation:

The three alarm bytes may be used in
two ways. First, when the program
inserts an alarm time in the appropriate
hours, minutes, and seconds alarm
locations, the alarm interrupt is initiated
at the spacified time each day if the
alarm enable bit is high. The second
usage is to insert a "don't care" state in
one or more of three alarm bytes. The
"don't care" code is in any byte from
Coh to FFh. An alarm interrupt each
hour is created with "don't care” code in
the hours alarm location. Similarly, an
alarm is generated every minute with
"don't care” codes in the hours and
minutes alarm bytes. The "don't care”
codes in all three alarm bytes create an
interrupt every second.

Interrupts:

The RTC plus RAM includes three
separate fully automatic sources of
interrupts to the processor. The alarm
interrupt may be programmed to occur
at rates from one-per-second to one-a-
day. The periodic interrupt may be
selected for rates from half-a-second to
30.517 pus. The update ended interrupt
may be used to indicate to the program
that an update cycle is completed.

The processor program selects which
interrupts, if any, it wishes to receive.
Three bits in register B enable the three
interrupts. Writing a 1 to an interrupt
enable bit permits that interrupt to be
initiated when the event occurs. A 0 in
the interrupt enable bit prohibits the IRQ
pin from being asserted due to the
interrupt cause.

If an interrupt flag is already set when
the interrupt becomes enable, the IRQ
pin is immediately activated, though the
interrupt initiating the event may have
occurred much earlier. Thus, there are
cases where the program should clear
such earlier initiated interrupts before
first enabling new interrupts.

When an interrupt event occurs a flag
bit is set to a 1 in register C. Each of
the three interrupt sources have

separate flag bits in register C, which
are set independent of the state of cor-
responding enable bits in register B.
The flag bit may be used with or without
enabling the corresponding enable bits.

Divider Control

The divider control bits are fixed for only
32.768 KHz operation. The divider
chain may be held reset, which allows
precision setting of the time. When the
divider is changed from reset to an
operating time base, the first update
cycle is one-half second later. The
divider control bits are also used to
facilitate testing the RTC.

Periodic Interrupt Selection

The periodic interrupt allows the IRQ
pin to be triggered from once every 500
ms to once every 30.517 ps. The
periodic interrupt is separate from the
alarm interrupt which may be output
from once-per-second to once-per-day.

Update Cycls

The RTC executes an update cycle
one-per-second, assuming one of the
proper time bases is in place, the DV2-
DVO divider is not clear, and the SET bit
in register B is clear. The SET bit in the
1 state permits the program to initialize
the time and calendar bytes by stopping
an existing update and preventing a
new one from occurring.

The primary function of the update cycle
is to increment the second byte, check
for overflow, increment the minutes byte
when appropriate and so forth through
to the year of the century byte. The
update cycle also compares each alarm
byte with the corresponding time byte
and issues an alarm if a match or if a
"don't care” code (11XXXXXX) is
present in all three positions.

With a 32.768 KHz time base update
cycle takes 1984 ps, during which, the
time, calendar, and alarm bytes are not
accessible by the processor program,
protecting the program from reading
transitional data. This protection is
provided by switching the time, calen-
dar, and alarm portion of the RAM off
the microprocessor bus during the
entire update cycle. If the processor
reads these RAM locations before the
update is complete the output will be
undefined. The update is progress
(UIP) status bit is set during the interval.

Three methods of accommodating non-
availablity during update are usable by
the program. In discussing the three
methods it is assumed that at random
points user programs are able to call a
subroutine to obtain the time of day.

The first method of avoiding the update
cycle uses the update ended interrupt.
If enabled, an interrupt occurs after
every update cycle which indicates that
over 999 ms are available to read valid
time and date information. Before
leaving the interrupt service routine, the
IRQF bit in register C should be
cleared.

The second method uses the update in
progress bit (UIP) in register A to
determine if the update cycle is in
progress or not. The UIP bit will pulse
once-per-second. After the UIP bit
goes high, the update cycle begins 244
us later. Therefore, if a low is a read in
the UIP bit, the user has at least 244 ps
before the time/calendar data will be
changed. If a 1is read in the UIP bit,
the time/calendar data may not be valid.
The user should avoid interupt service
routines that would cause the time
needed to read valid time/calendar data
to exceed 244 ps. '

The third method uses a periodic
interrupt to determine if an update cycle
is in progress. The UIP bit in register A
is set high between the setting of the PF
bit in register C.

To properly setup the internal counters
for daylight savings time operation, the
user must set the time at least two
seconds before the roll-over will occur.
Likewise, the time must be set at least
two seconds before the end of the 29th
or 30th day of the month.

Power-down Mode

The passive components that are
critical for low power operation are
shown in the Figure 4.

In Figure 4, the POWERGOOD signal
from the power supply is used to control
the power-down mode of the RTC.

When POWERGOOD is low, the RTC
enters power-down mode. In this
mode, all outputs are three-stated and
read or write operations are inhibited.
Any operation in progress (address
entered but the data not yet accessed)
is terminated and must restart from the
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beginning of the bus cycle for proper
operation. A write operation in progress
is abortted and the data path is double
buffered to prevent data corruption.

The Power Sense signal is used to
reset the state of the Valid RAM and
Time (VRT) bit. This input must be
asserted after power is applied to the
RTC to set the state of the VRT bit
properly.

With a power consumption target
specification of 5 pA, and a lithium
battery with a capacity of 100 mA-Hr,
time will be properly kept for approxi-
mately 2.25 years.

Disabling Internal RTC

The fully compatible internal real-time
clock saves the designer money and
board space versus use of an external
RTC. However, sometimes a stand-
alone RTC is preferred. To allow this
option, the internal RTC may be
disabled by setting bit 6 of the configu-
ration register BUSCTL to a logic 1. In
this mode, the PS/~RCLR/~IRQ8 pin
becomes the —IRQ8 input. This routes
the external RTC's interrupt signal
through an internal inverter to the IRQ8
input of the VL82C331's interrupt
service logic. When the internal RTC is
disabled by setting BUSCTL[6]=1, the
VL82C331's -CS8042/-RTC output
also becomes active during RTC /1O
address decodes to 70h or 71h. The
system designer must externally
generate the required three signals for
an external RTC; RTCAS, RTCDS, and
RTCRW. [f a stand-alone keyboard
controller is used, the -CS8042/-RTC
signal must also be decoded from the
VL82C331's composite chip select
output. These external decodes can
easily be performed using the
74HC139.

BUS CONTROLLER REFRESH
SUBSYSTEM

The System Controller performs on-
board DRAM refresh and controls both
on- and off-board refresh timing in all
modes. The VL82C331 actually per-
forms the off-board refresh when
commanded by the System Controller.
Refresh may be performed in a coupled
or decoupled mode. In coupled mode,
refresh timing for both system board
and slot bus refreshes is performed in a
synchronous manner. In decoupled
mode, the System Controller has com-
plete control over the timing of on-board
DRAM refresh and and off-board
refresh but the timing of each is
independent. See the section "System
Board DRAM Refresh" in the VL82C320
or VL82C330 data sheet for more infor-
mation.

PORT B AND NMI LOGIC

The Bus Controller generates the Non-
Maskable Interrupt (NMI) output pin for
the CPU. NMIl is enabled by a write to
1/0 address 0070h with D7 low. Once
enabled, an NMI can be generated by
the IOCHCK input going low or the
—PARERROR input going low. Each of
these NMI sources has an enable bit in
the Port B register to allow these inputs
to cause an NMI when set high, or
ignore the input if the bit is low.

The Port B register at /O address 0061
hex is included in the Bus Controller
chip. This register contains bits to
control the speaker output and NMI
circuitry. Bits 3-0 are read/write bits,
while bits 7-4 are read-only. Each bit of
the register is defined below. Bits 3-0
are all set low by a reset.

Port B, 0 Speaker Timer 2 Gate
(TIM2GAT_SPK). This bit
goes to the gate 2 input on
the 8254 megacell to enable
counter 2 to produce a

speaker frequency.

Speaker Data (SPK_DAT).
This bit is gated with the
output of counter 2 from the
8254 megacell. When this
bit is high, it allows the
OUT2 frequency to be
passed out on the SPKR
pin. When this bit is low, the
SPKR output is forced low.

Enable RAM Parity Check
(-ENA_RAM_PCK). When
this bit is set low, it allows
parity errors from the on-
board RAM memory to
cause an NMI. When high,
on-board RAM parity errors
will not cause an NML.

Port B, 1

Port B, 2

FIGURE 4. RTC LOW POWER OPERATION CIRCUIT
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Port B, 3

Port B, 4

Port B, 5

PortB, 6

Port B, 7

Enable 1/0 Check
(-ENA_IO_CK). When this
bit is set low, it allows an
NMI to be generated if the
IOCHCK input is pulled low.
Otherwise, the IOCHCK
input is ignored and can not
generate an NMI.

Refresh Detect (REFDET).
This bit is tied to a toggle
flip-flop which is clocked by
—REFRESH. It will toggle to
the opposite state every time
a refresh cycle occurs.

Timer Output bit 2 state
(OUT2). This bit indicates
the current state of the
OUT2 signal from the 8254
megacell.

Channel Check
(CHAN_CHK). This bit
indicates that a peripheral
device is reporting an error.
It can only be set if
-ENA_IO_CK is set low.
IOCHERR should be cleared
by writing a high to
ENA_IO_CK.

Parity Check (PCK). This bit
indicates that an on-board
RAM parity error has
occurred. It can only be set
if -ENA_RAM_PCK is set 0.
—PCK should be cleared by
writing a 1 to
-ENA_RAM_PCK.

ISA BUS INTERFACE SUBSECTION
The VL82C331 ISA Bus Interface can
be controlled from four possible
sources. Three of these sources are
generated in the Bus Controller chip.
They are CPU mode, DMA mode, and
refresh mode. The fourth possible
source is a bus master.

In CPU mode, the Bus Controller
receives bus cycle commands from the
System Controller, executes them and
responds back to the System Controller
when the bus cycle is complete. When
in this mode, the 288 megacel! is re-
sponsible for generating the command
(-IOR, —-IOW, -MEMR, -MEMW,
~-SMEMR, and —~-SMEMW) signals,
BALE and the timing for when the SA
bus will be valid. The Bus Controller
samples the inputs -MEMCS186,
-lOCS16, IOCHRDY, and -WS0 and
combines these with internally defined
definitions to determine the length in
wait states of each bus cycle.

Refresh modes are initiated as de-
scribed above. During refresh the bus
controller will drive the ~-REFRESH
signal, a refresh address and -MEMR
command onto the bus to implement
the refresh cycle. The refresh circuit
samples IOCHRDY to determine if the
-MEMR and —-REFRESH pulses need
to be extended. The outputs AEN and
BALE are both driven high during the
refresh cycles.

In DMA mode, the Bus Controller is
driven from one of the 8237 DMA
controller megacells. The DMA
controllers generate the command and
address signals. BALE is forced high
for all DMA cycles. The bus controller
asserts the AEN signal to indicate that
the current address on the bus is for
memory only and not to be decoded as
an I/O address. The DMA section
samples IOCHRDY to extend bus
cycles longer than the internally defined
cycle length.

Bus master mode is an extension of
DMA mode. A master can get control
of the bus by requesting a DMA
operation. Once the DMA is acknowi-
edged, the -MASTER signal is pulled
active and the Bus Controller relin-
quishes control of the bus to the
master. While in master mode, the Bus
Controller buffers the address lines and
drives them onto the local address bus
(A bus) to be used to address on-board
memory.

A Bus Master can perform a refresh by
releasing the bus, then asserting
—REFRESH. The VL82C331 will drive
the refresh address and -MEMR as -
described above.
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Extended Slot Bus Timing Options

Data Port

00EDh (R/W) D7 D6 D5 D4 D3 D2 D1 Do

BUSCTL 1 RTC 1 1 ADDLY| RLX 16 8
(84) Ctrl Timing| WS ws

Four bus control options are provided
and are programmable via the indexed
BUSCTL register. On reset, the four
control bits are reset to 0. This speci-
fies the full PC/AT-compatibility mode.

When bit 0 = 1, an extra wait state is
added for 8-bit slot bus accesses. This
yields five rather than the normal four

wait states. This allows slower boards
to operate with equivalent performance
when higher bus speeds are used.

When bit 1 = 1, an extra wait state is
added for 16-bit slot bus accesses.

This yields two instead of the normal
one for I/O accesses and one instead of
zero for memory accesses.

When bit 2 = 1, an extra command
delay is added for 16-bit memory cycles.

When bit 3 = 1, an extra command
delay is added for 8- and 16-bit I/O
cycles and for 8-bit memory cycles.

Note: Zero wait state is possible on ex-
tremely fast boards that can pull the
OWS line fast enough and more than
five wait states are possible if IOCHRDY
is pulled low before the last normal wait
state. However, -MEMCS16 or
—IOCS16 must be pulled low before the
last normal wait state even if IOCHRDY
has previously been activated.

ROM ACCESS CONTROL SUBSECTION

Data Port
00EDh (R/W) D7 D6 D5

D4 D3 D2 D1 Do

ROMDMA
(81)

ROM
Wait States

8-Bit DMA
Wait States

16-Bit DMA
Wait States

DMA
Clock

MEMR
Timing

Bits 6 and 7 of the ROMDMA configura-
tion register allow programming the
number of slot bus wait states for BIOS

ROM accesses. Range is from one to
three wait states. The POR default is
three wait states. Shadow RAM

features of the Sytem Controller are
recommended to speed BIOS access.
ROM decode logic in the Bus Controller
provides a single ROM chip select for
this BIOS region. A chip select also
results from decode of the middle BIOS
address space between FE0000h and
FFFFFFh and also the upper BIOS
space from FFFEQ000h to FFFFFFFFh.

ISA BUS CONTROLLER/SYSTEM
CONTROLLER INTERCHIP
COMMUNICATION

The asynchronous interface to the Bus
Controller is handled by a group of
signals from the System Controller.
—CHSO0, —CHS1 and CHM/-IO define
which type of cycle is to be executed as
follows:

CHM/-10| -CHS1 | -CHSO0 | Bus Cycle
0 0 0 |[-INTA
0 0 1 -IOR
0 1 0 |-IOW
0’ 1 1 | Reserved
1 (] 0 |-REFRESH
1 0 1 -MEMR
1 1 0 |-MEMW
1 1 1 Reserved

POWER SAVING SLEEP MODE

Data Port

00EDh (R/W) D7 D6 D5 D4 D3 D2 D1 DO
SLEEP Enable | 1 I 1 l 1 | 1 1 1 SYSCLK

Bit 7 of the sleep register is setto 1 in
order to enable sleep function. It is
write-only at indexed register port 13h
because it duplicates the address and
bit position of the sleep enable function
in the System Controller. (For test pur-
poses, the Bus Controller register can
be read and written at indexed location
83h.) The Bus Controller sleep mode
features work together with System
Controller sleep features to provide a
low power system idle state for exten-
sion of battery life in portable systems.
When activated by the CPU via an /O
write to bit 7 of the sleep register, the
the interrupt controllers and the timers
continue to operate. When an interrupt
occurs due to an external source or

internal timer zero, the Bus Controller
passes it to the CPU. The CPU then
resets bit 7 of the sleep register. This
brings both the System Controller and
the Bus Controller out of the sleep
state.

Setting bit 0 = 0 disables the SYSCLK
oscillator (BUSCLK/2) if bit 7 is set to 1.
Returning bit 7 to 0 re-enables the
oscillator signal. If bit 0 = 1, the oscilla-
tor is always enabled even in sleep
mode.

In operation, bit 0 is set for the desired
operational mode by the BIOS on
power-up. Bit 7 is then controlled as
required to jump in and out of sleep
mode during operation.
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IN-CIRCUIT TEST LOGIC The sequence for enabling ICT is as 4) Tester drives TRl signal to 1
During In-Circuit Test (ICT) all of the follows: (outputs now enabled).

putpttl s '?'::;Zellgﬁgflzg:)é::rz ?erv'zlore 1) Tester drives —TRI signal to 0. The sequence for disabling ICT is
INpUts. . ; assertion of RESET or repeat steps 1-4
tester to test the solder connections for 2) Tester drives XD bus to FFh. with XD bus = 00h

each signal pin. 3) Tester pulses —IOR and —IOW low

for 100 ns (minimum).

ICT INPUT ICT OUTPUT ICT INPUT ICT OUTPUT
Signal Name | Pin #| Signal Name| Pin # Signal Name Pin #| Signal Name | Pin #
SA6 1 —DACK2 2 —=CHS0/~-MW 77 NMI 76
SA5 3 T/.C 4 —CHS1/-MR 78 CHM/-IO * 82
SA4 5 BALE 6 XD4 95 —EALE * 83
SA3 7 SA2 8 —BLKA20 87 —BRDRAM * 84
(O1] 9 SA1 11 BUSCLK 86 —CHREADY 85
-MEMCS16 13 SAQ 12 XD5 94 DMAHLDA * 88
—lOCS16 15 —SBHE 14 XD6 92 DMAHRQ 89
IRQ10 - 17 LA23 16 XD7 91 OouT1 90
IRQ11 21 LA22 18 XD3 96 -LATLO 104
IRQ12 23 LA21 22 XD2 97 —XDREAD 103
IRQ15 25 LA20 24 XD1 98 SDHL/-HL 102
IRQ14 27 LA13 26 XDO 99 ~SDSWAP 101
LA18 28 —DACKO 29 —PCK 111 —LATHI 105
DRQO 32 LA17 31 IRQ13 110 SPKR 107
-MEMR 33 —DACKS 34 IRQ9 109 —CS8042 108
DRQ5 36 -MEMW 35 —ROM8 112 —DACK1 142
DRQ6 38 —DACK6 37 —HIDRIVE 113 SA16 137
DRQ7 41 —DACK?7 39 PS/~-RCLR/-IRQ8 | 117 SA18 133
MASTER 42 A25 43 —IOCHK 121 RSTDRV 122
A23 45 A24 44 IRQ9 123 SA15 131
A22 46 A21 47 DRQ2 124 —SMEMR 129
A20 48 A19 49 -WSo 125 AEN 128
A18 50 A17 51 I0CHDY 126 -SMEMW 127
A16 52 A15 53 -low 132 —DACK3 136
A4 54 A13 55 —IOR 134 SA17 135
A12 56 At1 57 DRQ3 138 SA15 141
A10 58 A9 61 DRQ1 144 SA14 143
A8 62 A7 63 —REFRESH 146 SA13 145
A6 64 A5 65 SA12 147 SYSCLK 148
A4 66 A3 67 IRQ7 151 SA11 149
A2 58 -BE3 59 IRQ6 153 SA10 152
—BE2 (A1) 70 —BE1 (-BHE)| 71 IRQ5 155 SA9 154
(C286) —386DX| 73 —BEO (AQ) 72 IRQ4 157 SA8 156
CPUHLDA 74 INTR 75 IRQ3 159 SA7 158

*CAUTIONARY NOTE: These signals are normally outputs but are mapped as inputs during ICT. Board design must take this
into account if In-Circuit mode is used.
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CONFIGURATION REGISTER ACCESS

CONFIGURATION ENABLE/DISABLE REGISTERS (/O addresses 00FBh and

00FSh)

00FBh D7 D6 D5 D4 D3 D2 D1 Do
ENABLE X X X X X X X X
00F9h D7 D6 . D5 D4 D3 D2 D1 Do
DISABLE X X X X X X X X

When enabled and used as described
below, the configuration registers are
protected from unauthorized accesses
that might garble the system configura-
tion and either crash the system or

change its operational characteristics in
an unwanted manner. A write to 00FBh
enables the configuration registers. A
write to 00F9h disables the configura-
tion registers. When disabled, the

system is locked out from any access to
the configuration and control ports from
address O0E8h through 00EFh. This
includes the indexed configuration
registers described in the Index
Register Section.

If MISCSET=1, the Configuration
Enable/Disable feature is disabled. See
the description under MISCET in the
Data Port Register Section.

A read operation on 00F9h or 00FBh
will not cause the VL82C331 to drive
the X bus. However, the VL82C331 will
drive the X bus with undefined data.

CONFIGURATION REGISTER
OPERATIONAL SUMMARY

Table 13 at end of this section shows a
mapping of the VL82C331 ISA Bus
Controller indexed configuration regis-
ters. These registers are accessed
through a single port address as
described in the "Index Register"
section that follows.

Other configuration register sets exist in
the Bus Controller. The DMA control-
lers, interrupt controllers, and counter/
timers have separate 1/O registers at
the PC/AT-compatible locations.

Index Register (OOECh) (Write-Only)
The value written to this register is the
8-bit address of the data port which is
accessed through the data port register
at I/O address 00EDh. All subsequent
data port reads and writes will access
the register at this address until the
index register is written with a new 8-bit
address. This register is write-only.
The index register and data port
register, described below, share
common addresses with the index and
data port registers located in the
System Controller. A write to the index
register at 00ECh is latched into both
the System Controller and Bus Control-
ler. Only the System Controller index
register is readable in order to avoid
bus collisions.

Data Port Register (/O Address
00EDh)

Each register accessible through /O
address 00EDAh is functionally de-
scribed next. It is accessed first by
writing its address to the index register
at I/O address 00ECH, then by access-
ing the data port at I/O address O0EDh.
All data ports in the Bus Controller are
located in the range 80h to FFh to avoid
contention with data ports located in the
System Controller. However, there is
one exception. See the section "Sleep
Register” for details.

Version (80h) (Read-Only)

(Default = F8h)

D2-D7 will contain a code which
indicates that this part is a VLSI
Technology, Inc., PC/AT-compatible
ISA Bus Controller. DO and D1 contain
the version number of this chip. By
using this byte, a smart BIOS can
compensate for "feature” differences
based on the version number. The
code 00F4h is used in the initial version
of this chip. By breaking the code in
two bit pieces, it is revealed to be "331"
Rev. "0."

ROMDMA (81h) (Default = FCh)
Bits 7-6 indicate the number of ROM
wait states. These wait states are
timed in slot bus cycles. The valid
range is 1 to 3.

00 = 3 wait states

01 = 1 wait state

10 = 2 wait states

11 = 3 wait states (Default)

Bits 5-4 are encoded with the number of
clocks the command is active for 8-bit
DMA cycles:

00 = 2 DMA clocks
01 = 4 DMA clocks
10 = 3 DMA clocks
11 = 3 DMA clocks (Default)

Bits 3-2 are encoded with the number of
1 clocks the command is active for 16-
bit DMA cycles:

00 = 2 DMA clocks

01 = 4 DMA clocks

10 = 3 DMA clocks

11 = 3 DMA clocks (Default)

Bit 1 = 1 for DMA clock = SYSCLK. Bit
1 = 0for SYSCLK/2. (Default = 0.)

Bit 0 specifies the delay for the
—~DMAMEMR signal. When bit 0=0,
—-DMAMEMR is active at the same time
as in the original PC/AT design. This is
the default case. When bit 0=1, the
falling edge of -DMAMEMR occurs one
DMACLK earlier. In this latter case, the
-DMAMEMR timing during a memory to
10 DMA cycle is the same as that of
the —IOR signal during an /O to
memory DMA cycle. (Default = 0.)
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612AXS (82h) (Default = 3Eh)

Bit 7 enables the extended DMA
functions when set to 1 by allowing
access to the two required upper
address bits, A24 and A25. When bit 7
=0, the extended functionality is
disabled. Any previously stored values
for A24 and A25 are disabled and both
bits are forced to 0. This latter mode is
fully compatible with the PC/AT-
standard. When bit 7 = 1, the extended
mode is enabled. A24 and A25 can be
set in the memory mapper page register
by setting bit O of this register to 1 and
writing the data to the same address
used for the lower page register byte.
Resetting bit 0 to 0 allows access to the
lower page registers. See the bit 0
discussion below for more detail.
(Default = 0.)

Bit 6 enables EISA /O access compati-
bility when set to 1 by allowing access
to the upper DMA page address bits at
1/0 addresses 4XX where XX = the
same address as the lower page
register byte. When set to 1, it also
enables the extended DMA system and
allows the contents of the upper page
register's A24 and A25 to be used.
(Default = 0.)

Note - When the external 286/-386 pin
is not tied to ground, bits 6 and 7 are
held low disabling the extended DMA
mode. Attempts by software to write
logic 1's to these bits has no effect and
subsequent reads will return 0. The
extended DMA function is not supported
when the VL82C331 ISA Bus Controller
is used with the VL82C320 System
Controller in 286- or 386SX-based
systems.

Bit 0 allows access via the same 11O
addresses to the lower address bits,
A16-A23 of the DMA page register
when set to 0 or to the upper address
bits A24 and A25 when setto 1. The
state of this bit has no effect unless bit 7
of this register has been previously set
to 1. (Default =0.)

Sleep (13h) (Write-only)

SLPTST (83h) Read/Write for factory
or Post test) (Default = 7Fh)

This special case register overlays the
sleep register at the same indexed
register location as in the VL82C320
and VL82C330 system controllers. D7
and DO are the only active bits in the

ISA Bus Controller. In standard
operation, a read of indexed register
13h will return the register's contents as
last written and latched into the
VL82C330. For test purposes, the Bus
Controller sleep register can be read
and written at indexed location 83h. In
normal operation, however, all reads
and writes should be performed through
indexed register 13h.

Bit 7- Power-down enable

0 = Default setting. Normal PC/AT-
compatible operation

1 = DMA clock disabled. Bus Quiet
mode active. SYSCLK stopped is
bit 0=0.

This bit is reset to zero and normal
operation resumes when rewritten or
when a hardware reset of the Bus
Controller occurs.

Bit 0 can be used to disable the
SYSCLK signal to the slot bus. When
set to 0 and bit 7 is set to 1, the
SYSCLK signal is shut down until bit 7
isresetto 0. Ifbit0 =1, SYSCLK is
enabled to the slot bus regardless of the
state of bit 7. (Default = 1.)

BUSCTL (84H) (Default = Boh)

Bit 6 allows the internal RTC to be
disabled if use of an external RTC is
prefered. Bit 6 = 1 disables the internal
RTC and redefines the PS/~-RCLR/
-IRQ8 pin as —IRQ8 in. Default = 0,
internal RTC is operational.

Bit 3 allows addition of one extra
command delay for 8- and 16-bit I/O
cycles and for 8-bit memory cycles.
(Default = 0, no added command
delays.)

Bit 2 determines whether to use the
PC/AT-compatible zero command
delays on 16-bit memory cycles or
whether to add one. (Default = 0, no
command delays on 16-bit memory
cycles.)

Bit 1 determines whether to use zero or
one wait states for 16-bit slot bus ac-
cesses. When bit 1 = 0, the PC/AT-
compatible zero wait states are used.
When set to 1, one wait state is used to
allow robust operation of add-in cards at
faster slot speeds. (Default = 0, zero
wait states on 16 slot bus accesses.)

Bit 0 determines whether to use four or
five wait states for 8-bit slot bus ac-
cesses. When bit 1 = 0, the PC/AT-

compatible four wait states are used.
When set to 1, five wait states are used
to allow robust operation of add-in cards
at faster slot speeds. (Default = 0; four
wait states on 8-bit slot bus accesses.)

MISCSET (14h) (Write-only)

Bit 7 is used to enable or disable the SF
options mapped into the coprocessor
chip set I/O space between FOh and
FFh. This register is used to monitor
writes to MISCSET[7] in the VL82C330.
When monitored in conjunction with
writes to FBh and F9h, the VL82C331
can enable or disable access to these
configuration registers. This is de-
scribed in more detail in the Detailed
Internal Control Register Section.
O=enabled, 1=disabled. (Default = 0)

RAMMAP (03h) (Write-only)

Bit 7 determines bus controller re-
sponse to memory accesses between
E0000h-EFFFFh and FE0000h-
FEFFFFh. When set to alogic 1, a
ROM access is performed for read
cycles. When set to logic 0, slot bus
accesses is performed for read cycles.
In either case, write cycles are per-
formed to the slot bus. This feature
allows systems not using a 128K BIOS
to access memory devices on the slot
bus in these two areas. (Default = 1)

All other bits at data port 03h in the
VL82C331 are inactive. See the defini-
tion of REGTEST (85h) that follows.

REFCTL (06h) (Write-only)

Bit 3 controls internal I/O decode.
When set to 0, full 16-bit decode is
performed. When set to 1, 10-bit
decode is performed. The latter option
provides less system flexibility but is
compatible with the original PC design.
This function has been restructured
since the latest published specification
such that a write to this single bit control
both VL82C331 and Bus Controller I/O
decodes. This prevents the possibility
of having one component in 16-bit
mode and the other in 10-bit mode.
(Default = 0)

All other bits at data port 06h in the
VL82C331 are inactive. An attempted
read of this location will not cause the
bus to be driven by the VL82C331. The
System Controller will drive the bus.
See the definition of REGTEST (85h)
below.
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REGTEST (85h) This register is
intended for test purposes only.

(Default = 77h)

Bit 7 is the same as MISCSET[7] at
data port 14h. A write to REGTEST[7]
is the same as a write to bit 7 of data
port 14h in the VL82C331. However,
this bit can also be read at
REGTEST[7]. This allows testing of
this bit at this data port address
something not possible at data port 14h

since the bit is write-only at that
address.

Bit 6 is the same as RAMMAP(7] at
data port 03h. A write to REGTEST([6]
is the same as a write to bit 7 of data
port 03h in the VL82C331. However,
this bit can also be read at
REGTEST[6]. This allows testing of
this bit at this data port address;
something not possible at data port 03h

since the bit is write-only at that
address.

Bit 3 is the same as REFCTL[3] at data
port 06h. A write to REGTEST[3] is the
same as a write to bit 3 of data port 06h
in the VL82C331. However, this bit can
also be read at REGTEST[3]. This
allows testing of this bit at this data port
address, something not possible at data
port 06h since the bit is write-only at
that address.

TABLE 13. ISA BUS CONTROLLER CONFIGURATION REGISTER MAP

Index Port - D7 D6 D5 D4 D3 D2 D1 DO
00ECh (W-0) A7 A6 A5 A4 A3 A2 A1l A0
Data Port
00EDh D7 D6 D5 D4 D3 D2 D1 DO
80 | VER (R-0O) 1 1 1 1 1 0 0 0
81 | ROMDMA (R/W) ROM Wait States 8-Bit DMA Wait States | 16-Bit DMA Wait States | DMA Clock | MEMR Time
82 | 612AXS (R/W) Enable FF | 4XX Enable 1 1 1 1 1 FF PTR
13 | SLEEP (W/O) Enable 1 1 1 1 1 1 SYSCLK
83 | SLPTST (R/W) ENABLE 1 1 1 1 1 1 SYSCLK
84 | BUSCTL (R/W) 1 RTC Ctrl 1 1 ADDLY RLX Timing 16 WS 8 WS
14 | MISCSET (W/O) | FX Enable - - - - - - -
03 | RAMMAP (W/O) | ROMSLOT - - - - - - -
06 | REFCLT (W/O) - - - - 10/16 10 - - -
85 | REGTEST (R/W)| FX Enable | ROMSLOT 1 1 10/16 10 1 1 1
Note: A "1"indicates reserved register bits that read back as logic 1.
Registers containing bits with a "-" are write-only registers. The bus will not be driven during a read.
TABLE 14. CONFIGURATION REGISTER DEFAULTS ON RESET
Data Port
00EDh D7 D6 D5 D4 D3 D2 D1 DO
80| VER (R-O) 1R 1R 1R 1R OR 1R OR OR
81| ROMDMA (R/W) 1 1 1 1 1 1 0 0
82| 612AXS (R/W) 0 0 1R 1R 1R iR 1R 0
13| SLEEP (W/O) o* - - - - - - 1*
83| SLPTST (R/W) 0* 1R 1R 1R 1R 1R 1R 1*
84| BUSCTL (R/W) 1R 0 1R 1R 0 0 0 0
14| MISCSET (W/O) 0+ - - - - - - -
03| RAMMAP (W/O) 1+ - - - - - - -
06 | REFCTL (W/O) - - — - 0+ - - -
85| REGTEST (R/W) 0 1 1R 1R 0 1R 1R 1R

*

These two bits are.read/write at address 83H and write-only at address 13h. All other sleep register bits are inactive at 13h
and read-only at 83h.

These three bits are read/write at address 85h and write-only at address 03h, 06h and 14h. All other bits are inactive a 03h,
06h and 14h and read-only at 85h.

Registers containing bits with a "-" are write-only registers. The bus will not be driven during a read.

4-136



® VLSI TECHNOLOGY, INC.

ADVANCE INFORMATION
VL82C331

AC CHARACTERISTICS: TA =0°Cto +70 °C, VDD =5 V 5%, VSS = 0V

Symbol I Parameter

I Min l Max | Unit I Conditions

CPU Mode

t BUSCLK Period 31 ns

12 BUSCLK High Time 12 ns 1.5V (Note 1)

13 BUSCLK Low Time 12 ns 1.5V (Note 1)

t7 SYSCLK Fall Time 10 ns 0.8 Vo 2.0 V@ CL=200 (Note 1)

18 SYSCLK Rise Time 10 ns 0.8 V0 2.0 V@ CL=200 (Note 1)

tD9 BUSCLK to SYSCLK Delay A 3 26 ns CL=200 pF

tSuU10 —~CHSO, ~CHS1, CHM/-IO to BUSCLK Setup Time| 12 ns (Note 2)

tH11 —CHS0, ~CHS1, CHM/~-I0 fro BUSCLK Hold Time 4 ns (Note 2)

tD12 BALE from BUSCLK Delay 28 ns CL=200 pF

113 BALE Pulse Width 41 ns

iD14 —CHREADY from BUSCLK Delay 3 25 ns CL=50 pF

tSU15 A23-A2, -BE3- —BEO to —EALE Setup Time 12 ns

tH16 A23-A2, -BE3- —BEO from —EALE Hold Time 4 ns

tD17 LA Bus Valid from A Bus 3 35 ns Standard Bus Cycles. CL=200 pF (Note 3)

tD17a LA Bus Valid from —EALE Delay 3 40 ns First cycle following decoupled refresh.
CL=200 pF (Note 3)

tD18 SA Bus, —SBHE Valid from BUSCLK Delay 40 ns CL=200 pF (Note 4)

tD19 —CMD from BUSCLK Delay 35 ns CL=200 pF (Note 5)

tSU20 -MEMCS16 to BUSCLK Setup Time 18 ns

tH21 -MEMCS16 from BUSCLK Hold Time 5 ns

tSU22 | -WS0 to BUSCLK Setup Time 15 ns

tH23 -WSO0 from BUSCLK Hold Time 5 40 ns

tD24 —XDREAD from BUSCLK Delay 3 40 ns CL=50 pF

tD25 —SCMD Valid from BUSCLK Delay 3 35 ns CL=200 pF (Note 6)

tD26 —SCMD Active from BUSCLK Delay 3 ns CL=200 pF (Note 1)

tD27 ~SCMD Float from BUSCLK Delay ns CL=200 pF (Note 1)

tSU28 IOCHRDY to BUSCLK Setup Time 12 40 ns

tH29 IOCHRDY from BUSCLK Hold Time 5 ns

tSU30 —-10CS16 to BUSCLK Setup Time 18 ns

tH31 -10CS16 from BUSCLK Hold Time 5 ns

tD32 —LATLO, —LATHI Delay from BUSCLK 3 40 ns CL=50 pF

tD33 —~SDSWAP Delay from BUSCLK 3 45 ns CL=50 pF

tD34 —SDSWAP Delay from —-IOCS16 3 25 ns Late —IOCS16. Read cycles only. CL=50 pF

tD35 SDLH/-HL Delay from BUSCLK 3 45 ns CL=50 pF
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AC CHARACTERISTICS: TA =0°C to +70 °C, VDD = 5 V 5%, VSS = 0V (Cont.)
Symbol | Parameter | Min Max I Unit | Conditions
CPU Mode (Cont.)
1D36 XD Bus Delay from BUSCLK 3 150 ns CL=50 pF (Note 7)
tD38 XD Bus Float from BUSCLK 3 55 ns CL=50 pF (Note 7)
1SU39 XD Bus to BUSCLK Setup Time 75 18 ns (Note 7)
tH40 XD Bus from BUSCLK Hold Time 30 17 ns (Note 7)
tD41 CS8042/-RTC Delay from BUSCLK 3 50 ns CL=50 pF
tD42 SPKR, NMI Delay from BUSCLK 3 60 ns Following write to Port B. CL=50 pF
Bus Arbitration Timing
tD43 AEN from CPUHLDA Delay 3 35 ns CL=200 pF
tD44 ALE from CPUHLDA Delay 3 35 ns CL=200 pF
tD45 —MR/-MW Active from CPUHLDA Delay 3 ns CL=50 pF (Note 1)
tD46 —MR/~MW Float from CPUHLDA Delay 30 ns CL=50 pF (Note 1)
tD47 SA/LA Bus, ~SBHE, -MEMR Active from —-REFRESH 3 ns CL=200 pF (Notes 3, 4)
tD48 SA/LA Bus, —-SBHE, -MEMR Float from —REFRESH 50 ns CL=200 pF (Notes 3, 4)
Interrupt Timing
150 External Interrupt Request Pulse Width Low 90 ns
tD51 INTR Active Delay from External IRQ 3 130 ns CL=50 pF
tD52 INTR Inactive from BUSCLK 3 110 ns Following 2nd interrupt acknowledge

pulse. CL=50 pF

Miscellaneous Timing

tD55 NMI Delay from —PCK, —IOCHK 3 50 ns CL=50 pF

tD56 LA20 from —BLKA20 Delay 3 35 ns CL=200 pF

tD57 —=TRI Delay (Three State All Outputs, 1/Os) 150 ns AC timing not 100% tested.

tD58 INTR Active Delay from XTALIN 3 350 ns When source is internal IRQ8
(RTC) interrupt. CL=50 pF

tD59 PS Pulse Width 1 us

tH60 PS Hold Following VBAT > VBAT (min.) 1 us

tD61 VRT Bit Delay 1 us Following read of RTC register D.

tH62 POWERGOOD Active Hold from VDD > VDD (min.) 1 us

tH63 VDD > VDD (min.) Hold after POWERGOOD Low 1 Us To ensure RTC data integrity.

tSU64 POWERGOOD to BUSCLK Setup Time 25 ns (Note 2)

tH65 POWERGOOD from BUSCLK Hold Time 10 ns (Note 2)

tD66 RSTDRV from BUSCLK Delay 35 ns
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AC CHARACTERISTICS: TA =0°C to +70 °C, VDD = 5 V 5%, VSS = OV (Cont.)

Symbol ‘ Parameter

I Min I Max | Unit I Conditions

Timer/Counter Timing

167 OSC Period 50 ns

168 OSC High Time 20 ns 0.8V102.0V (Note 1)
169 OSC Low Time 20 ns 0.8 Vto 2.0V (Note 1)
tD70 OUT1, SPKR Delay from OSC 120 ns CL=50 pF

tD71 INTR Delay from OSC 3 200 ns When source is from internal IRQ0. CL=50 pF
DMA Mode

tSU73 DRQ to BUSCLK Setup Time 0 ns

tD74 —DACK from BUSCLK Delay 3 100 ns CL=100 pF

tD75 —CMD Valid from BUSCLK Delay 3 85 ns CL=200 pF (Note 5)
tD76 —MR/-MW Valid from BUSCLK Delay 3 80 ns CL=50 pF

tD77 A Bus, -BE3- —BEO Valid from BUSCLK Delay 3 125 ns CL=50 pF

tD78 A Bus, -BE3- -BEO Active from BUSCLK Delay 3 ns CL=50 pF (Note 1)
tD79 A Bus, -BE3- —BEO Float from BUSCLK Delay 80 ns CL=50 pF (Note 1)
tD80 SA, -SBHE Valid from BUSCLK Delay 3 115 ns CL=200 pF

tD81 LA23-LA17 Valid from BUSCLK Delay 3 130 ns CL=200 pF

tD82 DMAHRQ from BUSCLK Delay 70 ns CL=50 pF n
tSU83 DMAHLDA to BUSCLK Setup Time 25 85 ns (Note 2)

tH83a DMAHLDA from BUSCLK Hold Time 20 80 ns (Note 2)

tD84 T/C from BUSCLK Delay 3 85 ns CL=50 pF

tSU85 IOCHRDY to BUSCLK Setup Time 15 ns

tH86 IOCHRDY from BUSCLK Hold Time 20 ns

tD87 —SCMD Valid from BUSCLK Delay 85 ns CL=200 pF (Note 6)
tD88 ~SCMD Active from BUSCLK Delay 3 ns CL=200 pF (Notes 1, 6)
tD89 —SCMD Float from BUSCLK Delay 135 ns CL=200 pF (Notes 1, 6)
tD90 —SDSWAP Delay from BUSCLK 3 125 ns CL=50 pF

tD90a —SDSWAP Delay from -MEMCS16 3 35 ns CL=50 pF

tD90b —SDSWAP Delay from -BRDRAM 3 35 ns CL=50 pF

tD91 SDLH/-HL Delay from BUSCLK 3 130 ns CL=50 pF

tD91a SDLH/-HL Delay from -MEMCS16 3 35 ns CL=50 pF

tD91b SDLH/-HL Delay from ~-BRDRAM 3 35 ns CL=50 pF

tD95 —LATLO/-LATHI Delay from BUSCLK 3 115 ns CL=50 pF
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AC CHARACTERISTICS: TA =0°Cto +70 °C, VDD = 5 V +5%, VSS = 0V (Cont.)

Symbol I Parameter I Min I Max Unit Conditions

Master Mode

1D96 SA/LA Bus, —-CMD Float from ~MASTER Low 30 ns CL=200 pF (Notes 1, 3, 4)

tD97 SA/LA Bus, -CMD Active from -MASTER High ns CL=200 pF (Notes 1, 3, 4)

1D98 A Bus, -BE3- —-BEO Active from —~MASTER Low 3 ns CL=50 pF (Note 1)

tD99 A Bus, —-BE3- -BEO Float from ~MASTER High 25 ns CL=50 pF (Note 1)

tD100 AEN Delay from -MASTER 3 35 ns CL=200 pF

tSU101 | LA/SA Bus, ~SBHE to —-CMD Setup Time 75 ns (Notes 3, 4, 7)

tH102 LA/SA Bus, ~SBHE to -CMD Hold Time 20 ns (Notes 3, 4,7)

1103 —~CMD Pulse Width 187 ns (Notes 5)

tD104 -MR/-MW Delay from -MEMW/-MEMR 3 25 ns CL=50 pF

tSU105 | XD to —IOW Setup Time 100 ns (Note 7)

tH106 XD to —IOW Hold Time 20 ns (Note 7)

tD107 XD from —IOR Delay Time 3 135 ns CL=50 pF (Note 7)

tD108 XD Float Delay from —IOR Inactive 3 40 ns CL=50 pF (Notes 1, 7) /
tD109 LA/SA Bus, ~SBHE to A Bus, —BE Delay 3 35 ns CL=50 pF (Notes 3, 4)

tD110 —CS8042 Delay from SA, LA Bus Valid 3 40 ns CL=50 pF (Notes 3, 4)

tD111 SPKR, NMI Delay from —IOW Inactive 3 45 ns Following write to Port B. CL=50 pF
tD112 —XDREAD from —IOR Delay 3 30 ns CL=50 pF

tD113 ~LATLO, -LATHI Delay from —IOR/-MEMR 3 30 ns CL=50 pF

tD114 —-SDSWAP Delay from -CMD 3 35 ns CL=50 pF (Note 5)

tD115 —~SDSWAP Delay from CONTROL 3 35 ns CL=50 pF (Note 8)

tD119 SDLH/-HL Delay from -CMD 3 35 ns CL=50 pF (Note 5)

tD120 SDLH/-HL Delay from CONTROL 3 35 ns CL=50 pF (Note 8)

D124 —SCMD Valid from -MEMW/-MEMR Delay 3 30 ns CL=200 pF (Note 6)

tD125 —SCMD Active from LA Bus Delay 3 ns CL=200 pF (Notes 1, 3, 6)
tD126 -SCMD Float from LA Bus Delay 30 ns CL=200 pF {Notes 1, 3, 6)
tD127 LA Bus Valid, -SBHE Low from —~REFRESH 3 70 ns CL=200 pF (Note 3)
tD128 —~MEMR from BUSCLK Delay 50 ns CL=200 pF (Note 9)

tD129 —MR from BUSCLK Delay 45 ns CL=50 pF (Note 9)

tSU130 | —REFRESH to BUSCLK Setup Time 20 ns (Note 2)

tD131 —REFRESH from BUSCLK Delay (Release) 3 50 ns Until refresh is no longer driven.

CL=200 pF (Note 9)
tD132 —SMEMR Valid from BUSCLK Delay 3 50 ns CL=200 pF (Note 9)
tD133 —SMEMR Active from —REFRESH Delay 3 ns CL=200 pF (Note 1)
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AC CHARACTERISTICS: TA = 0°Cto +70 °C, VDD =5 V 5%, VSS = 0V (Cont.)
Symbol | Parameter I Min | Max | Unit | Conditions
Master Mode (Cont.)
tD134 —~SMEMR Float from BUSCLK Delay 60 ns CL=200 pF (Notes 1 and 9)
tSU135 | IOCHRDY Setup to BUSCLK 5 ns (Note 9)
tH136 IOCHRDY Hold from BUSCLK 20 ns (Note 9)
tD137 SA Bus Valid from BUSCLK Delay 3 60 ns CL=200 pF (Notes 4, 9)
Decoupled REFRESH Mode
tD138 LA Bus Valid, -SBHE Low from -BUSCLK 3 80 ns CL=200 pF (Note 3)
tD139 —REFRESH from BUSCLK Deslay (Active) 3 40 ns CL=200 pF (Note 2)
tD140 —SCMD Active from BUSCLK Delay 3 ns CL=200 pF (Notes 1, 6)
tD141 AEN Delay from BUSCLK 3 55 ns CL=200 pF
tD142 ALE Delay from BUSCLK 3 55 ns CL=200 pF

Notes: 1. Specification is characterized and guaranteed, not 100% tested.
. Asynchronous input, for test purposes only.

LA bus refers to LA23-LA17.

. SA bus refers to the signal pins SA19-SA0.

—CMD refers to the signals -MEMR, -MEMW, -IOR, —IOW.
—SCMD refers to the signals -SMEMR, -SMEMW.

. Internal register accesses.

. ~CONTROL refers to -MEMCS16, —-|IOCS16, SA0, -BRDRAM.
. Specification also applies to decoupled refresh mode cycles.

CRENONA®N -
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FIGURE 5. 16 TO 8 CONVERSION - VO READS
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FIGURE 6. 16 TO 8 CONVERSION - /0O WRITES
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FIGURE 7. 16 TO 8 CONVERSION - MEMORY READS
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FIGURE 8. 16 TO 8 CONVERSION - MEMORY WRITES
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FIGURE 9. 24 TO 8 CONVERSION - /O READ
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FIGURE 10. 24 TO 8 CONVERSION - I/0 WRITE
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FIGURE 13. 24 TO 16 CONVERSION - MEMORY READS
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fault Configuration Shown

4-150



® VLSI TECHNOLOGY, INC. ADVANGCE INFORMATION
VL82C331

FIGURE 14. 24 TO 16 CONVERSION - MEMORY WRITES
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Default Configuration Shown
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FIGURE 15. 32 TO 16 CONVERSION - MEMORY READS
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FIGURE 16. 32 TO 16 CONVERSION - MEMORY WRITES
fe————— BE=0000 - f BE=1001 ————»
—-— BYTESO1WRITE __.|. = BYTES23WRITE _ ~— BYETWRTE __,J.  BYTE2WRINE __.
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FIGURE 17. 32 TO 16 CONVERSION - I/O READS . C v
e BE-0000 — .l e BE-t00t — ]
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Detautt Confiquration Shown
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FIGURE 18. 32 TO 16 CONVERSION - /O WRITES
e o BE-000 — .l e BEmt0t —

BYTES O WRITE |, BYTES 23 WRITE BYTE1WRITE __|. BYTE2WRITE -
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Default Configuration Shown
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FIGURE 19. ASYNCHRONOUS BUS INTERFACE
tSU15
A23-A2, < m
-BE3- -BEO b= 6 |-
—EALE \ tD17;
LA23-LA17
gt tD17p>
- -1SU10 > - tH11
BUSCLK | [ 1 I [ [ | [
] tSuU10
CHM/-IO
1SU10~] |- D14 ) |- tH11 |- 1D14
—CHS0, ® ™ ) s
—CHS1 D12 (@ | lLw-tD12
~CHREADY 13
=1 1D18 =2
BALE
- @ tD19 | = D19
SA, -SBHE XXXXR)
—-CMD ,

Note: 16-bit memory cycle shown.

FIGURE 20. CPU MODE I/O CYCLE (16/8-BIT)

16- to 8-BIT WRITE

16-BIT READ
BUSCLK II.IH_I—U'J_J_jl_I Apipapupipipupipipupipipignpnpipipupipipigipipny
sysclk [ NS NS NV NS A/ VA Y A VA | N VY VY Y Y A Y A VAWV A
D12 tD12)
BALE
D183 |aa o~ |ea-tD18
SA, -SBHE X X
D19 ..J:_tmg
—-low, -IoR L] \ /]
1SUF0_po ] g™ ] ! -+l 1SU30
-locsie R TR
1032 3] |t | 3-{[-1D32
—LATLO,
—LATHI L/
|4 tD35 1| tD35
SDLH/-HL A\
> [ D34 > |-1D33 ||« 1D33
—-SDSWAP R
D33
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FIGURE 21. CPU MODE MEMORY CYCLE TIMING (16/8-BIT)

16-BIT READ | | =~ 16-10 8-BIT WRITE
susclk 1 T ﬂIU"IJ'LI'IJ'IJ'IJ'IJ'IJ'J‘JlﬂJ'IJ’IJ'IJ'LFLFU’U'U'I_FIHIII
sysclk [\ \ /] VA A Y A Y A Y A N N A AV A NV A N AR N A NV A (N A W
|l tD12 E-tmz
BALE
>Jq-to1s b |e-tD18
SA, -SBHE = B = “
| |[-tD19| |m|lw-tD19
—MEMW, ——\
~MEMR — /]
o |- tsu20 | [<jtsu20
-MEMCS16 R\ | fzzzzizziaid | Nirrd s rded
|<-tH21 | Het- tH21
gt (==
> ip32 |- 1035 |- tD35
SDLH/-HL
-1 - tD33 - 1t tD33
~SDSWAP -] |4 tD25 \ ;
> tD27 tD26 -] .>|<_1025
-SMEMR, Not driven by VL82C331 )
—SMEMW

Note: —~SMEMR and ~SMEMW are three-stated for addresses above 1 meg. These should be pulled up externally
with a 10K resistor.

FIGURE 22. CPU MODE WS0 AND IOCHRDY

) L L T L
BUSCLK NpEpipipipigipnpupny Agigipiy
syselk [\ S NS\ SN ST TST NSNS TSNS NSNS
BALE M\ M\ M\
SA,
~SBHE XX X X
| | tSU28 ] lg tSU28
—-CMD |/ /\
tsu28 | 1= t1SU28 —
IOCHRDY Lz N A N 77 SN R 77 A B S
1suz2 3 { |l 1sUz2 tH2o - 1suze | [ ] e thzo
-Wso . | ] v
| |- tH23
Note: 1. Zero wait state cycle shown is a 16-bit memory cycle. IOCHRDY cycles are 8-bit and 16-bit memory cycles.
2. IOCHRDY and WSO should not be asserted at the same time. WSO takes precedence over IOCHRDY.
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FIGURE 23. CLOCK/RESET

t1 t3 t2
BUSCLK —Lﬂﬁu
Do D9 [ 4 15
SYSCLK ey
tsp64 - .
POWERGOOD _»I . 000
tD66-p-! |4 | ! |- D66 < tHE5
RSTDRV 2z \
jt—— tD62—p>] —— tH63—p
voD ___/ |

Note: POWERGOOD is an asynchronous input. This specification is given for testing purposes only. The specifications on
POWERGOOD with respect to VDD are given to ensure predictable behavior. They also guarantee protection of the
RTC battery-backed registers.

FIGURE 24. COUPLED REFRESH

BUSCLK
SYSCLK

-REFRESH

SA7-SA0

-MEMR

HLDA

BALE

AEN

IOCHRDY

LA23-LA17

A23-A2,
-BE3- -BEO

-CHS1/~MR

-SMEMR

ML U U L L L LU
L\ S\
tSU130 = . |<-tD131
/
D137 B~ -
XX XX
tD128 - D128

| -
|| tDa4 ! [ tD44
I

|- 1D43 > |- 1D43
[ \
= e 1135
‘ h\_\\\\\t\\‘k\\ ,Zl & 1SU135
D127 3 »| [-tH136
X o ~
( AN
-] [4. tD45 . tD129 o |<-tt 129 . |<- tD46
/ »{la-tD134  \
to1aa»}:<- tD132-9 )4_{‘
D132

Note: —-SMEMR is three-stated for addresses above 1 meg. It should be pulled up externally with a 10K resistor.
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FIGURE 25. DECOUPLED REFRESH

BUSGLK EgEEgRpngpignppnppnpRpipigupagnpnpnpngngn
SYSCLK M\ W\ Y\
—CHSO, \
—CHS1 D142 | |=dt- | [=-1D142
BALE / \
—CHREADY 'a \
tD139—>_{-l—- = [=-1D131
-REFRESH /
tD141-3- (- | [ tD141
AEN U \
D137 [
SA7-SA0 )@(i‘-
tD128-9| |<- > [=-1D128
-MEMR \ /
E '4—
IOCHRDY RN, | A fe-tSP135
D138 ! tat- »| lg tSU135
LA23-LA17 X X
»la- D132 i} tD132
-SMEMR tD140.p» > Na-1D134

Note: —~SMEMR is three stated for addresses above 1 meg. It should be pulled up externally with a 10K resistor.

FIGURE 26. MASTER MODE CYCLE (/O ACCESS)

SA16-SA0, é - tSU101 > )@mwz
~SBHE
e« 1103—
-IOW, -IOR
E g~ tSU101 E tH102
LA23-LA17 XX )@(
>~ |« tD113 > |- tD113
~LATLO/-HI \ |/
> D114 = |« tD114
-SDSWAP D115 |/
> D119 =& D119
SDLH/-HL - ‘D120 |/
Ao3.AD -:mr tD1p9
BE3-BEO XEEX
| = D112 | = D112
—~XDREAD \ /]
—CONTROL YRREIRRIZR

Note: —~CONTROL refers to the signals -I0OCS16, -MEMCS16, -BRDRAM and SAO.
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FIGURE 27. MASTER MODE CYCLE (MEMORY ACCESS)
SA16-SA0, & let- tSU101 > )@ tH102
—-SBHE pors
~MEMW, \ “ »
-MEMR
| g~ tSU101 *)% tH102
LA23-LA17 X (
| |- D113 - |- tD113
—~LATLO/-HI \ |/
> tD114 5 D114
—~SDSWAP D115 |/
> D119 = tD119
SDLH/~HL ANHAN /
.y tD120_> tH102
—~CONTROL __ }&ZR&H R D R R RN
A3 | (= D109
23-A2,
BE3-BEO %o X
E tD124 . tD124
-SMEMW, C N
-SMEMR Tip125- |+ 1D126
]

tD104 | |- 1D104
-MR, -MW ‘I . /

Note: —CONTROL refers to the signals —-|OCS16, -MEMCS16, -BRDRAM and SAO.
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FIGURE 29. DMA MODE CYCLE (16-BIT)
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FIGURE 31. INTERRUPT/ACKNOWLEDGE CYCLE

e INTA e INTA
reramppphhhhhhELLGRGRGTLLG J-LI_LI-LH_I_U_LI_U_LI_jl_ILHIIII
sysclk __ [\ S\ \ S\ S\ S|\ S\ SV SN\

BALE = M\ M\
150 et
IRQ15-III;I{%::, 3 \
| | D51 | |a 52
NTR "/ |
—INTA '
|| 1D32 |- 1D32
_LATLO
SAO AN
;‘t0336 tH38 [~ D36 »| | D38
XD7-XDo 1 ! J‘-—-
~XDREAD / \
»|la D24 | D24

FIGURE 32. IOCHRDY (DMA CYCLES)

S2 s3 w1 2 4 S2 S3
DMACLK ~ || I I | [ l ] I I ] I |
-IOR, -MEMR \ A

-lOW, -MEMW \, / |

tsuss a e »] |atSUss
IOCHRDY \\\‘m\mmm H ———————
tH86

Note: The first wait state is automatically inserted by internal circuitry for all DMA cycles. Any additional wait states must be
inserted using IOCHRDY.
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FIGURE 33. CPU MODE ACCESS (INTERNAL REGISTERS)

=1TSTY S 1 e A e e e e Y e o I e N
SYSCLK ___/ \ / W/ \ / \ [ \ / \ / _f W/ (A
BALE / \ / \
SA, -SBHE X X
—low, -IoR \ 1 -
| la- tD24 tD24 ] jet-
—XDREAD \ /
lt—— D36 D38 - |-
XD7-XDO (read) g@(

XD7-XDO (write)

CS8042/-RTC

. )’(4-
SPKR, NMI

FIGURE 34. MISCELLANEOUS/PERIPHERAL

167y sy 69 168
oscllllllli_IL_Il_ll_l]_lL
. tD70|<-
OUT1, SPKR Y
INTR 071 J
—IOCHK
-PCK
s tD55
(N[ |
-BLKA20 {
»{ (= 1D56 »| (= 1D56
SA20, LA20 \ /
-TRI \ |
D57 {t—p| la—p=| tD57

I/0s, OUTPUTS
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FIGURE 35.

VDD
VBAT

PS/-RCLR/
-IRQ8

VRT bit

XTALIN

INTR

VL82C331
RTC INTERFACE
— |V
ﬂ {4. tD60 4.t59,>|
S /
| (= tD61
[
/ \ { \ / \ / \
> | D58
/

Note: The VRT bit is set to a "1" by reading Register D. The VRT can only be cleared by pulling the PS pin low. (See RTC
description, Register D ($0D)).

FIGURE 36. MASTER MODE ACCESS (INTERNAL REGISTERS)
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—SBHE

LA23-LA17

-Iow,
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(write)
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<

]
g

S%%Y

tSU105-3

- tH108

tH106 -1

:@X%ZX%%MX&X

AR AT

|
f1D110

|

{<-1D111
X
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FIGURE 37. DMA MODE DATA STEERING

BUSCLK Ly o L
sS4 $2 s3 wi1 84 s2 S3
DMACLK ] ] | L | | | | | | ] ] |
D80 @F
SAO
tD75->_‘l<- - tD75
4OR,-MEMR ____ /|
tD75->_\l4- . tD75
~IOW, —-MEMW _/
D95 B! ‘\14_ = D95
-LATLO, _/
—LATHI D904~ |at- ] tD90
-spswap [ \_ Y=< tDoob -
D91 "'LtDQOa o tD91
SDLHAHL __ / N [ [x=-tDo1b / -
- I &-ipg1a
~MEMCS16 /
-BRDRAM NSEEOTOOTOEEA /
FIGURE 38. MASTER MODE REFRESH
BUSCLK LI
SYSCLK M\
tSU130 -] <&~ tD131

—-REFRESH

D137 2| lat-tD4s
SA16SA), ————— :| B
-SBHE ————

B - 3]
D47 - o8 D128
-MEMR \ ™, /
tD47 o) | |atD48

LA23-LA17 X > L
HLDA
AEN ____ /7 \ /
—MASTER — \ /
A23-A2, -
-BEs--BEO % /

Note: —SMEMR is three-stated for addresses above 1 meg. lt should be pulled up externally with a 10K resistor.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating -10°C to +70°C

Temperature
Storage Temperature —65°C to +150°C

Supply Voltage -0.5Vto VDD =0.3V
to Ground

Applied Output -0.5Vto VDD =0.3 V

Voltage
Applied Input -05Vto7.0V
Voltage
Power Dissipation 500 mW

Stresses above those listed may cause

permanent damage to the device.
These are stress ratings only. Func-
tional operation of this device at these
or any other conditions above those

indicated in this data sheet is not
implied. Exposure to absolute maxi-
mum rating conditions for extended
periods may affect device reliability.

DC CHARACTERISTICS: TA =0°C TO +70°C, VDD =5 V +5%, VSS =0 V

Symbol | Parameter Min. Max. Unit Conditions

VIL Input Low Voltage ~0.5 0.8 \ TTL Level Inputs

VIH Input High Voltage 2.0 VDD +0.5 Vv TTL Level Inputs

VILC Input Low Voltage -0.5 0.8 \ CMOS Level Inputs

VIHC Input High Voltage VDD -0.8 | VDD +0.5 Vv CMOS Level Inputs

VOL1 Output Low Voltage 0.45 \' IOL = 4 mA, Note 1

VOH1 QOutput High Voltage VDD -0.45 \'] IOH = 1 mA, Note 1

VOL2 Output Low Voltage 0.45 Vv IOL = 8 mA, Note 2

VOH2 Output High Voltage VDD -0.45 \ IOH = —2 mA, Note 2

VOL3 Output Low Voltage 0.45 v IOL = 12 mA, —HIDRIVE=1
I0L = 24 MA, -HIDRIVE=0, Note 3

VOH3 Output High Voltage VDD -0.45 \ IOH = —6 mA, Note 3

VOL4 Output Low Voltage 0.45 IOL = 24 mA, Note 4

ILI Input Leakage Current ~10 10 pA Note 5

liL Input Leakage Current -500 10 pA Note 6

ILO Output Leakage Current -100 100 pA

IDDSB Static Power Supply Current 500 mA

IDDOP Dynamic Power Supply Current 4 mA/MHz| Based on BUSCLK frequency

IBAT RTC Power Supply Current 5 pA At VBAT=3 V, 32.768 kHz

VBAT RTC Power Supply Voltage 2.4 5.25 Vv

Cl Input or 1/0 Capacitance 10 pF

CO Output Capacitance 10 pF

Notes appear on the following page.
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NOTES FOR DC CHARACTERISTICS

Notes:

1.

o0

Pins: A25-A2, -BE3- —BEO, XD7-XD0, INTR, NMI, -CHS0, -CHS1, -CHREADY, DMAHRQ, OUT1, —-SDSWAP,
SDLH/-HL, -XDREAD, SPKR, -CS8042

Pins: -DACK?7- -DACKO, T/C, -LATLO, —LATHI

Pins: SA19-SA0, LA23-LA17, -IOW, —IOR, -MEMW, -MEMR, -SBHE, RSTDRV, -SMEMW, -SMEMR, SYSCLK,
AEN, BALE

Pins: -REFRESH

All inputs except those listed in Note 6.

Pins: IRQ15-IRQ9, IRQ7-IRQ3, IRQ1, DRQ7-DRQS5, DRQ3-DRQO, —BE3, C286/-386, —EALE, —-PCK, —~ROMS,
-HIDRIVE, -TRI, POWERGOOD, PS/~-RCLR/~-IRQ8
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DESCRIPTION

The VL82C332 Data Buffer is part of a
custom, three chip set which allows
extremely high performance and
integration in 386™DX processor
based, PC/AT®-compatible, personal
computer designs. When used with
VLSI Technology's VL82C330 System
Controller and VL82C331 ISA Bus
Controller, the set is called the
VL82C386 chip set.

The VL82C332 performs all of the data
buffering functions required for a
386DX-based PC/AT-type system.
Under the control of the CPU, the data
buffer chip routes data to and from the
CPU bus, the MD bus, the XD bus, and
the slots (SD bus). For an on-board
DRAM read, the data is latched in the
MD latch allowing the VL82C330
System Controller to be programmed
for early CAS terminations. The parity

is checked for MD bus read operations
and any errors are reported during the
next on-board memory read cycle.
When reading from ROM, the XD bus or
the SD bus, the data can be converted
from 8-bits wide to 16-, 24- or 32-bits
wide or from 16 bits to 32 bits at the 16/
32 latch. The data is latched with
—LATLO and —-LATHI for synchroniza-
tion with the CPU. The data conversion
is accomplished without the use of the
bus size 16 (-BS16) input to the 386DX
allowing it to remain in pipelined mode.

CPU writes to any of the three buses
are accomplished in several different
ways. The VL82C332 supports posted
writes from a cache controller or non-
posted writes to the MD bus. Parity is
generated for all data written to the MD
bus. The VL82C332 provides the data
conversion necessary for 32- or 16-bit

DATA BUFFER

writes to 16- or 8-bit devices on the XD
or SD buses.

In non-cached systems, system board
DRAM can be placed on the CPU's D
bus. This provides extra timing margin
when the MD bus delay through the
VL82C332 is removed from the critical
path.

Under the control of DMA or a bus
master, the VL82C332 will allow 8- or
16-bit data to be routed to and from the
XD and the MD buses. The chip also is
capable of performing high to low and
low to high byte swaps on the SD bus.
For transfers between two peripherals
on the slot bus, the outputs of the
VL82C332 will be disabled. The chip
also provides the feature of a single
input, —TRI, to disable all of its outputs
for board level testability.

' 16/32 sLoT
N Zph LATCH MUX SD15-SD0 XD
TRANSCEIVER BUS Dit—z Bl =1 A BUS
31-D0 e Z MUX a C MUX our
D31-D0 B Lt 3 < patno ol TRANSCEIVER
ouT .y -LATLO
Ll —LATHI MD31-MDQ YA IN
CACHE CACHE B C e Z [<ag——g= XD7-XDO
POSTED MUX
WRITE wlB
CPST WRC REGISTER [T
E— x07-x00 o [
IN [ PARITY Al 015500 |5 SO out
TRANSCEIVER MUX -
:ﬁ:g' 2 oor GEN. 2 ol D3tDO MUX TRANSCEIVER
h - z IN
] ) most-upo_| B 2 |~ SD31-SDO
LATCH |
— REGISTER
IBEQ ——® D @ a o
~MDLAT —l—:c—— O-FF Y ¥ E D= xorx00 |, |
-PARERROR Q Dkl SDI5-SDO. [ o gll.?s out
e — PARITY MD B B ux TRANSCEIVER
~BRDRAM — ] CHECK LATCH D31-D0
CPUHLDA—®= DATA C [ Q Dl B=C 5 N
-aomc:v — 7y e l 2 |[<—p MD31-MDO
-RAMW —%| QUTPUT » P
~DEN —= ENABLE
SAl—mm| LOGIC |——-
SDLH/-HL — —
-SDSWAP ——#=1 B
RV ORDER INFORMATION
~CACHE —*1
—TRI—=] Part Number Package
. . VL82C332-FC Plastic Flat Pack
PC/AT is a register trademark of IBM Corp.

386DX is a trademark of Intel Corp.

Note: Operating temperature range is 0°C to +70°C.
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PIN DIAGRAM
VL82C332
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

CPU INTERFACE

HLDA 2 I-TTL CPU Hold Acknowledge, active high - This is the hold acknowledge pin
directly from the CPU. It indicates the CPU has given up the bus for either
a DMA master or a slot bus master. It is used in the steering logic to deter-
mine data routing.

D31-Do 96-82, 79-66, 10-TTL CPU Data Bus - This is the data bus directly connected to the CPU. It is

64-62 also referred to as the local data bus. This bus is output enabled by the

CACHE INTERFACE
CPST_WRC 21 I-TTL

—CACHE 22 I-TPU

SYSTEM CONTROLLER INTERFACE

-MDLAT 14 IFTTL
—-RAMW 15 I-TTL
-ROMCS 19 I-TTL
—BRDRAM 18 I-TTL
-DEN 20 I-TTL
LBE3-LBEO 36 I-TTL
-PARERROR 7 o)

BUS CONTROLLER INTERFACE
SA1 13 -TTL

—DEN signal.

Posted Cache Write Clock - This clock signal is driven by the cache
controller and is needed to latch the write data during a posted cache write
cycle. The data is latched on the rising edge of this signal. The latch
inside of the Data Buffer is bypassed if the -CACHE input is high. Also,
when —CACHE is high, the state of CPST_WRC determines on which bus
(D or MD) system DRAM is accessed. When high, DRAM is accessed on
the D bus. When low, DRAM is accessed on the MD bus.

Cache Enable, active low - This signal is used to enable the cache posted
write register. When there is not a cache in the system, data bypasses the
register. When —~CACHE is inactive (high) the state of the CPST_WRC pin
determines whether the system DRAM is on the CPU's D bus or on the MD
bus.

Memory Data Latch - This latching signal serves two purposes simultane-
ously and is only activated during on-board memory read and write cycles.
As a memory data latch, this transparent low signal allows read data to
flow through to the CPU's local bus. As a parity clock, it samples the byte
enables, -RAMW, and parity bits to be used for parity checking. Any parity
errors will be reported on the next on-board memory read cycle.

RAM Write, active low - This signal is supplied by the System Controller to
indicate that a memory write cycle is occurring. It is used internally to
direct the parity logic and to enable the MD bus outputs.

ROM Chip Select - This signal tells the Data Buffer when the ROM is to be
accessed so that it can latch the data and convert it from 16 or 8 bits to 32
bits. This signal is driven by the System Controller.

Board Memory Selected, active low - This signal is driven by the System
Controller and indicates when on-board DRAM is being accessed.

Data Enable, active low - This is a control signal generated by the System
Controller. ltis used as an output enable for the D bus.

Latch Byte Enables 3 through 0 - These signals are driven by the System
Controller. They are used internally to enable the appropriate bytes for
parity checking.

Parity Error, active low - This signal is the result of a parity check on the
appropriate bytes being read from memory. It is generated on the falling
edge of -MDLAT.

System Address Bus bit 1 - This input will be driven by the Bus Controller
or by the controlling DMA or bus master. This signal is used for 16- to 32-
bit conversion. When low, this signal indicates the low word is to be used.
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SIGNAL DESCRIPTIONS (Cont.)

Signal Pin Signal Signal
Name Number Type Description
SDLH/A~HL 12 I-TTL System Data Bus Low to High/High to Low Swap - This signal is driven by
the Bus Controller. It is used to establish the direction of byte swaps.
-SDSWAP 11 I-TTL System Data Bus Byte Swap Enable, active low - This signal is driven by
the Bus Controller. It is the qualifying signal needed for SDLH/-HL.
—-XDREAD 10 I-TTL Peripheral Data Bus (XD Bus) Read, active low - This signal is driven by
the Bus Controller and it determines the direction of the XD bus data flow.
When this signal is high, the XD Bus is output enabled.
~LATHI 8 I-TTL High Byte Latch - This signal is needed to latch the high byte to the local
data bus until the CPU is ready to sample the bus. When SA1 is low, the
high byte is latched into both the one byte and the three byte of the 16/32
latch. When SA1 is high, the high byte is only latched into the three byte.
This signal is driven by the Bus Controller.
-LATLO 9 I-TTL Low Byte Latch - This signal is needed to latch the low byte to the local
data bus until the CPU is ready to sample the bus. When SAf1 is low, the
low byte is latched into both the zero byte and the two byte of the 16/32
latch. When SA1 is high, the high byte is only latched into the two byte.
This signal is driven by the Bus Controller.
BUFFER INTERFACE
MD31-MDO 61-50, 10-TTL Memory Data Bus - This bus connects to the on-board DRAM and BIOS
47-34, ROM. It is used to transfer data to/from memory during memory write/read
32-27 bus cycles.

SD15-SDoO 117-115, I0-TTL System Data Bus - This bus connects directly to the slots. It is used to
103-109, transfer data to/from local and system devices.
106-102, 100-98

XD7-XD0 126-123, 10-TTL Peripheral Data Bus - This bus is connected to the Bus Controller and the
121-118 System Controller. These I/O's are used to read and write to on-board 8-bit

peripherals.
PAR3-PARO 23-26 IO-TTL Parity Bits 3 through 0 - These bits are generated by the parity generation
circuitry located on the Data Buffer chip. They are written to memory along
with their corresponding bytes during memory write operations. During
memory read operations, these bits become inputs and are used along with
their respective data bytes to determine if a parity error has occurred. The
check of each byte is enabled only when their respective LBE3-LBEO bits
are active.
~HIDRIVE 17 I-TPU High Drive Enable - This pin is a wire option. When this pin is low, the SD
bus will sink 24 mA of current. When this pin is high, the SD bus will sink
12 mA.
TEST MODE PIN
=TRI 127 I-TPU Three-state - This pin is used to drive all outputs to a high impedance state.
When —TRl is low, all outputs and bidirectional pins are three-stated.
POWER BUS CONNECTION
VDD 1, 16. 48, 80, PWR Power connection, nominally +5 volts. These pins should each have 0.1
107 pF bypass capacitors.

VSS 33, 49,65,81, GND Ground connection; 0 volts.
97, 101, 108,
114,122, 126
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SIGNAL TYPE LEGEND

Signal Code Signal Type

I-TTL TTL level input

I-TPU Input with 30k ohm pull-up resistor
1O-TTL TTL level input/ouput

(0] CMOS and TTL level compatible output
GND Ground

PWR Power

FUNCTIONAL DESCRIPTION

BUS OPERATIONS

The VL82C332 Data Buffer separates
the data bus into four distinct buses: D
bus, MD bus, SD bus and the XD bus.
The D bus is the CPU's data bus. The
MD bus is the memory data bus which
connects to the on-board DRAM and
the BIOS ROM. The SD bus is the 16-
bit slot bus and the XD bus is an 8-bit
bus for on-board peripherals such as
the VL82C330 System Controller and
the VL82C331 Bus Controller. These
buses can be controlled by either the

CPU, a DMA controller or a bus master.

Tables 1 and 2 show all possible bus
steering modes provided by the
VL82C332.

CACHE CONTROLLER INTERFACE
The cache controller interface is made
up of a 32-bit register and a 64 to 32
MUX as shown in the block diagram.
When a cache controller is not imple-
mented, the =CACHE input pin should

be tied high. This will set the MUX such
that the cache posted write register is
bypassed. When a cache is imple-
mented, ~-CACHE should be tied low
and the CPST_WRC input is used to
post the write data into the register.

The register latches data on the rising
edge of the CPST_WRC ir}put.

MD, D Bus System DRAM Selection
When the —CACHE input pin is tied low,
system DRAM must be on the MD bus.
However, when —CACHE is tied high,
system DRAM may be placed on the
MD bus or the CPU's D bus. The
selection is made by the state of
CPST_WRC. When tied low, DRAM is
on the MD bus. When CPST_WRC is
tied high, system DRAM is on the D
bus. Since system board bus selection
is hardwired on the system board, these
pins can not be dynamically controlled
in non-cache systems. They must be
permanently tied to the proper level.

PARITY GENERATION AND
DETECTION CIRCUIT

The parity check portion of the chip
checks the parity of all data read from
the on-board DRAM. During a DRAM
read cycle, -MDLAT goes low making
the MD latch transparent and latching
out the parity check result, for the
previous on-board memory read cycle.
When ~MDLAT returns high, data is
latched into the MD latch. The parity
check uses the Latched Byte Enable
(LBE) signals from the System Control-
ler to qualify each byte of the 32-bit
word.

The parity generator provides parity
generation for both CPU and DMA/
master writes to on-board DRAM. A 64
to 32 MUX is used to select whether the
input to the parity generator is from the
CPU or from a DMA/master transfer.
The result is output as one bit per data
byte on the PAR3-PARO pins.
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TABLE 1. BUS STATES WHEN PIN 21 = GROUND
Bus states for DRAM on the MD bus, ROM on the MD bus. Cache posted writes are supported.

A po

D1
D2
D3

DO
D1
D2
D3

DO
D1

D3

DO

Do
D1
D2
D3

=

~——

==

-

- ———

ol I

XD

SDL
SDH
MDO
MDA
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDoO
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

H

CPU read of DRAM

CPU read of:
32-bit ROM
16-bit ROM, byte 0,
byte 1, or low word
8-bit ROM, byte 0

CPU read of:
16-bit ROM, byte 2,
byte 3, or high word
8-bit ROM, byte 2

CPU read of:
8-bit ROM read,
byte 1 or 3
SA1=0, XD=MD1
SA1=1, XD=MD3

CPU write to DRAM
Cache posted write
to DRAM

CPU read of XD bus

CPU read of 8-bit
peripheral on SD bus,
byte 10or 3

DO —
D1 -t

D2 ————

D3 o— |

Do

D2

D3

Do | —
M ——p
D2 —————
D3

DO I
D1 ——
D2 T»
D3

DO B
Dt
D2 [
D3 —

ol ——
D1

D2

D3

D1 —"I___*E:

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

CPU read of:
16-bit peripheral on SD
bus, low or high word
8-bit peripheral, byte 0
or2

CPU write to:
XD bus, byte 0
SD bus, 8-bit peripheral,
byte O
SD bus, 16-bit peripheral,
byte O or 1 or low word

CPU write to:
XD bus, byte 1
8D bus, 8-bit peripheral,
byte 1

CPU write to:
XD bus, byte 2
SD bus, 8-bit peripheral,
byte 2
SD bus, 16-bit peripheral,
byte 2 or 3 or high word

CPU write to:
XD bus, byte 3
SD bus, 8-bit peripheral,
byte 3

16-bit DMA
16-bit slot memory, read
1/O write, word I/O read/
16-bit slot memory, write, word
8-bit DMA
8- or 16-bit slot memory / 110
write to SDL or XD, byte 0 /O
read / 8- or 16-bit slot memory,
write, byte 0
CPU read/write to coprocessor
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TABLE 1. BUS STATES WHEN PIN 21 = GROUND (cont.)
Bus states for DRAM on the MD bus, ROM on the MD bus. Cache posted writes are supported.

NDO

D1
D2
D3

Do
D1

D3

Do

D2
D3

—————————— XD

——————® SDL

l— B> SDH
MDoO
MD1
MD2
MD3

——————— > XD

l—  SDL

l———+—» SDH
MDO
MD1
MD2
MD3

——————— = XD
L  psDL
____ SDH
MDO
MD1
MD2
MD3

—eeee———— XD

| = SDL

g SDH
MDO
MD1
MD2
MD3

————— XD

1 SDL

——————> SDH
MDoO
MD1
MD2
MD3

—— XD

————& SDL

P> SDH
MDO
MD1
MD2
MD3

8-bit DMA
1/O read / 8- or 16-bit slot
memory write, byte 0
1/O read / 16-bit slot
memory write, byte 1

8-bit DMA
11O read / 16-bit slot
memory write, byte 1

8-bit DMA
16-bit slot memory read /
1/O write to SDL or XD,
byte 1

16-bit DMA
On-board memory read /
1/0O write, low word

8-bit DMA
On-board memory read /
1/O write to SDL or XD,
byte 0

8-bit DMA
On-board memory read /
1/O write to SDL or XD,
byte 1

16-bit DMA
On-board memory read /
110 write, high word

8-bit DMA
On-board memory read /
1/0 write to SDL or XD,
byte 2

T

Do
D1
D2
D3

DO |

D1
D2
D3

Do
D1
D2
D3

—®= XD

f—————® SDL
—%> SDH
MDO
MD1
MD2
MD3

——— XD
————P SDL
SDH
—————— MDO
- MD1
————p MD2
I—————— > MD3

XD

—————— - SDL
————® SDH
———————® MDo
———————— - MD1
————————p» MD2
e B MDS

——— = XD
SDL
SDH

= MDO

— B MD1

- MD2

b—%& MD3

——— XD

SDL
SDH
——————— MDO
—————p MD1
———— MD2
————& MD3

8-bit DMA
On-board memory read /
1/O write to SDL or XD,
byte 3

8-bit DMA
XD bus /O read /
on-board memory write,
byte 0 or 2

8-bit DMA
XD bus /O read /
on-board memory write,
byte 10or3

16-bit DMA
SD bus I/O read / on-board
memory write, low or
high word

8-bit DMA
SD bus I/O read / on-board
memory write, byte 0 or 2

8-bit DMA
SD bus I/0 read / on-board
memory write, byte 1 or 3
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TABLE 2. BUS STATES WHEN PIN 21 = VDD
Bus states for DRAM on the D bus, ROM on the MD bus. Cache posted writes are not supported.

A po ==~

D1 =g 2]
D2 — — ]
D3 =4 3]
- —~ |
-

LATCH

D1 ~—
D2 -t—-—
D3 —~—

DO
D1
D2

DO
D1 ~—o|
D2 -t——
D3 e— |

D3 g——

X o

DO ~——
e 1
D2 -—

XD

SDL
SDH
MDoO
MD1
MD2
MD3

XD

SDL
SDH
MDoO
MD1
MD2
MD3

XD
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SDH
MDo
MD1
MD2
MD3

XD
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SDH
MDoO
MD1
MD2
MD3

XD
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SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1
MD2

MD3

H
W
CPU read of DRAM.
D bus output enabled
only after CAS goes
inactive.

CPU read of:
32-bit ROM
16-bit ROM, byte 0,
byte 1, or low
word
8-bit ROM, byte 0

CPU read of:
16-bit ROM, byte 2,
byte 3, or high
word
8-bit ROM, byte 2

CPU read of:
8-bit ROM read,
byte 1 or3

CPU write to DRAM
Cache posted write
to DRAM

CPU read of XD bus L
8-bit DMA T
XD bus I/0 read /
on-board memory
write, byte 0 or 2

CPU read of :
8-bit peripheral on
SD bus, byte 1 or 3
8-bit DMA
SD bus I/O read /
on-board memory write,
byte1 or 3

oo

D1 =t
D2 ~f—
D3 g |

Do &
D ———
D2 R ——
D3

po
D1 F——
D2

Do ———>
D1
02—
D3 —

XD

SDL
SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1
MD2
MD3

XD

SDL
SDH
MDO
MD1
MD2
MD3

XD

SDL
SDH
MDo
MD1

MD3

CPU read of:

16-bit peripheral on SD
bus, low or high word

8-bit peripheral, byte 0 or 2

16-bit DMA, SD bus 1/O
read / on-board memory
write, low or high word

8-bit DMA, SD bus I/O read /
on-board memory write,
byte O or 2

CPU write to:
XD bus, byte 0
SD bus, 8-bit peripheral,
byte 0
8D bus, 16-bit peripheral,
" byte O or 1 or low word
16-bit DMA
On-board memory read /
1/0 write, low word
8-bit DMA
On-board memory read /
1/O write to SDL or XD,
byte 0

CPU write to:
XD bus, byte 1
SD bus, 8-bit peripheral,
byte 1
8-bit DMA
On-board memory read /
1/0 write to SDL or XD, byte 1

CPU write to:
XD bus, byte 2
SD bus, 8-bit peripheral,
byte 2
SD. bus, 16-bit peripheral,
byte 2 or 3 or high word
16-bit DMA
On-board memory read /
110 write, high word
8-bit DMA
On-board memory read /
1/O write to SDL or XD, byte 2

CPU write to:
XD bus, byte 3
SD bus, 8-bit peripheral,
byte 3
8-bit DMA
On-board memory read /
1/O write to SDL or XD, byte 3
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TABLE 2. BUS STATES WHEN PIN 21 = VDD (cont)
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Bus states for DRAM on the D bus, ROM on the MD bus. Cache posted writes are not supported.
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MDO
MD1
MD2
MD3
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SDH
MDO
MD1
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SDH
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16-bit DMA
16-bit slot memory, read
1/0O write, word 1/O read/
16-bit slot memory, write, word
8-bit DMA
8- or 16-bit slot memory / 1/0
write to SDL or XD, byte 0 /O
read / 8- or 16-bit slot memory,
write, byte 0
CPU read/write to coprocessor

8-bit DMA
1/O read / 8- or 16-bit slot
memory write, byte 0
1/O read / 16-bit slot memory
write, byte 1

8-bit DMA
1/0 read / 16-bit slot
memory write, byte 1

8-bit DMA
16-bit slot memory read / I/O
write to SDL or XD, byte 1

8-bit DMA
XD bus I/O read / on-board
memory write, byte 1 or 3

16-bit DMA
On-board memory read /
1/0 write, low word
8-bit DMA
On-board memory read /
1/0 write to SDL or XD, byte 0

R

DO | - %D
D —f—® SDL

D2 b SDH
D3 MDO
MD1
MD2
MD3

Do [ XD
Dy f—— SDL
D2 :—I———> SDH
D3 MDO
MD1
MD2
MD3

Do — XD
D1 —— SDL
D2 — SDH
D3 ‘ MDO
MD1
MD2
MD3

DO ~@— XD
D1 ~-— SDL
D2 t—— SDH
MD1
MD2
MD3
DO<—— égL
D1 - SDH
gg ~—] B MDO
o —— MD1
B MD2
L MD3

DO ~g——] XD
Dl -— ggh
gg _<___—>- MDO
———3p» MD1
——— MD2
- MD3

8-bit DMA
On-board memory read /
1/0 write to SDL or XD,
byte 1

16-bit DMA
On-board memory read /
1/O write, high word

8-bit DMA
On-board memory read /
1/0 write to SDL or XD,
byte 2

8-bit DMA
On-board memory read /
1/O write to SDL or XD,
byte 3

8-bit DMA
XD bus I/O read /
on-board memory write,
byte O or 2

16-bit DMA
SD bus I/0O read / on-board
memory write, low or
high word

8-bit DMA
SD bus I/0 read / on-board
memory write, byte 0 or 2

8-bit DMA
SD bus I/O read / on-board
memory write, byte 1 or 3
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IN-CIRCUIT TESTING
ICT mode is not enabled in the current Future versions of the VL82C332 may type. They are inputs, otherwise. This
VL82C332 production parts. Since the have atrue ICT mode. [f so, the distinction is used to tell whether to
VL82C332 is basically a matrix of multi- method described below may still be drive the indicated value on the bus or
plexers and I/O drivers, it is still pos- used as an option. read it from the bus. A value of "u"
sible to perform In-Circuit Test by appli- 31165 on the bidirectional buses indicates an output that is still "un-
cation of an appropriate set of test vec- - known".
tors. This method is described below. are indicated as outputs by boldface
BLOCK 1 -
Uses states A, C and D, and tests the following:
MD BUS (Hi, LO), D BUS (HI, LO), LBE BUS (HI, LO) —PARERROR (HI, LO), —MDLAT (HI, LO),
—ROMCS (HI, LO) -BRDRAM (HI, LO) SDLH/~HL (Hl, LO) ~RAMW (HI) —-DEN (LO)
v M D S S X P L ---Cc ---- H--- -5S- -
E D : D D D A B THCP PMLL LDRB RADS X
C : : H L : R E RIAS ADAA DEAR O1LD D
T : : : : : : : IDCT RLTT ANMD M:HS R
0 : : : : : : : :RH EALH ::WR C:/W E
R : : : : : : : ¢:IEW RTOI :::A S:-A A
: : : : : : : :V:R HIEE :::M ::HP D
# : : : : : : : tE:C O::: sz ::L:
: [ : 1T E1 B B T M tr2: Riz: z1:: o1zt s

STATE A: VERIFY THE PARITY ERROR AND LBE SIGNALS WORK.

1 13579BDF wuuuuuuuu 00 00 00 O 8 1010 wulll 0010 1011

2 13579BDF 13579BDF 00 00 OO0 8 8 1010 w011 0010 1011 1
STATE A: LATCH IN PARITY ERROR ON BYTE 3.

3 13579BDF 13579BDF 00 00 00 8 4 1010 wlll 0010 1011 1

4 13579BDF 13579BDF 00 00 00 4 4 1010 0011 0010 1011 1
STATE A: LATCH IN PARITY ERROR ON BYTE 2.

5 13579BDF 13579BDF 00 00 00 4 2 1010 0111 0010 1011 1

6 13579BDF 13579BDF 00 00 00 2 2 1010 0011 0010 1011 1
STATE A: LATCH IN PARITY ERROR ON BYTE 1.

7 13579BDF 13579BDF 00 00 00 2 1 1010 0111 0010 1011 1

8 13579BDF 13579BDF 00 00 OO0 1 1 1010 0011 0010 1011 1
STATE A: LATCH IN PARITY ERROR ON BYTE 0.

9 13579BDF 13579BDF 00 00 00 1010 0111 0010 1011 1
10 13579BDF 13579BDF 00 00 00 O 0 1010 0011 0010 1011 1
STATE A: LATCH IN GOOD PARITY ON ALL BYTES.

11 13579BDF 13579BDF 00 00 00 O F 1010 0111 0010 1011 1
12 13579BDF 13579BDF 00 00 00 O F 1010 1011 0010 1011 1
13 13579BDF 13579BDF 00 00 00 O F 1010 1111 0010 1011 1
STATE A: CHANGE MD BUS AND SEE THAT D BUS DOES NOT CHANGE.

14 FDB97531 13579BDF 00 00 00 O F 1010 1111 0010 1011 1

STATE D: -ROMCS AND SDLH/-HL BYTE OF MD BUS GO TO ALL BYTES OF D BUS.

15 FDB97531 31313131 00 00 75 O F 1010 1100 0011 0000 1

STATE C: RAISE SDLH/-HL, BYTES 1, 0 OF MD BUS GO TO BYTES 3, 2 OF D BUS.

16 FDB97531 75313131 00 00 00 O F 1010 1100 0011 0010 1

17 FDB97531 75313131 00 00 00 O F 1010 1111 0011 0010 1
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VL82C332
BLOCK 2 -
Uses states F, G and H, and tests the following:
SDH BUS (HI, LO) SDL BUS (HI, LO) XD BUS (HI, LO) -LATLO (Hl,LO)  -LATHI (HI, LO)
SA1 (Hl, LO) —SDSWAP (HI, LO) —XDREAD(HI, LO) HLDA (LO)
\" M D S S X P L -—=C ---- H-—— -SS- -
E D : D D D A B THCP PMLL LDRB RADS X
C : : H L R E RIAS ADAA DEAR OlLD D
T : : : : : : IDCT RLTT ANMD M:HS R
6] : : : : : : :RH_ EALH ::WR C:/W E
R : : : : : : :IEW RTOI :::A S:-A A
: : : : : : :V:R R::: :::M ::HP D
# : : : : : : cE:C O::: HEHH ::L: :
I D 1 2 | r+] 1 I;T M rﬁ N R:s: s zeiz: @
18 FFFFFFFF AAS55AA55 AA 55 55 0 F 1010 1100 0011 1011 1
19 FFFFFFFF 55AA55AA 55 AA AA O F 1010 1100 0011 1011 1

STATE H: FORCE -LATLO, -LATHI AND SA1 HIGH.

20 FFFFFFFF 55AA55AA 55 AA AR O F 1010 1111 0011 1111 1
STATE H: CHANGE SD BUSES. D BUS SHOULD NOT CHANGE.

21 FFFFFFFF B5AA55AA 33 CC CC O F 1010 1111 0011 1111 1
STATE H: FORCE LATLO AND LATHI LOW. TWO HIGH BYTES OF D BUS SHOULD CHANGE.

22 FFFFFFFF 33CC55AA 33 CC CC O F 1010 1100 0011 1111 1

STATE H: FORCE SA1 LOW. TWO LOW BYTES OF D BUS SHOULD CHANGE.

23 FFFFFFFF 33CC33CC 33 CC €CC 0 F 1010 1100 0011 1011 1
STATE G: FORCE -SDSWAP LOW. D BUS SHOULD CARRY SDL ON ALL BYTES.

24 FFFFFFFF CCCCCCCC 33 CC cC O F 1010 1100 0011 1010 1

STATE F: FORCE -XDREAD LOW. D BUS SHOULD CARRY XD ON ALL BYTES.
25 FFFFFFFF 55555555 CC 55 55 F F 1010 1100 0011 1011 O

4-181



® VLSI TECHNOLOGY, INC. ADVANGCE INFORMATION

VL82C332
BLOCK 3 -
Uses state E and tests the following:
PAR BUS (HI, LO) —CACHE (HI, LO) CPST_WRC (H|, LO) —-RAMW (LO) —-DEN (HI)
v M D S S X P L --c ---- H-—— -SS- -
E D : D D D A B THCP PMLL IDRB RADS X
C : : H L R E RIAS ADAA DEAR O0l1LD D
T : : : : : : : IDCT RLTT ANMD M:HS R
o] : : : I : : :RH_ EALH ::WR C:/W E
R : : : : : : : :IEW RTOI :::A S:-A A
: : : : : : : :V:R HES t::tM ::HP D
# : : : : : : : tE:C O::: HEHE HES P :
I * 1T > el M g2 Reez: o oo o
STATE E: TESTS MD BUS AND PAR BUSES.
26 55555555 55555555 00 00 00 F F 1010 1111 0100 1011 1
27 AAAAAAAA AAAAAAAA 00 00 00 F F 1010 1111 0100 1011 1
28 ABAAAAAA ABAAAAAA (00 00 00 7 F 1010 1111 0100 1011 1
29 ABABAAAA ABABAAAA (00 00 00 3 F 1010 1111 0100 1011 1

STATE E: TEST CPST_WRC AND -CACHE PINS.
30 wuwuuuuuuu ABABABAA 00 00 00 u

STATE E: RAISE CPST_WRC TO CLOCK IN DATA ON D BUS.

31 ABABABAA ABABABAA 00 00 00 1 F 1001 1111 0100 1011 1
STATE E: FORCE CPST_WRC LOW, CHANGE D BUS, STATE OF D BUS SHOULD NOT APPEAR ON MD BUS.

32 ABABABAA ABABABAB 00 00 00 1 F 1000 1111 0100 1011 1

STATE E: RAISE CPST_WRC AGAIN TO SEE NEW DATA ON MD BUS.
33 ABABABAB ABABABAB 00 00 00 O F 1001 1111 0100 1011 1
34 AAAAAAAA AAAAAAAA 00 00 00 F F 1011 1111 0100 1011 1

o]
=
o
o
o
=
=
=
=

0100 1011 1

BLOCK 4 -
Uses state N and tests the following: HLDA (HI)
v M D S S X P L --—-C --—— H--—- -8S- -
E D : D D D A B THCP PMLL LDRB RADS X
c : : H L R E RIAS ADAA DEAR O0Ol1LD D
T : : H : : : : IDCT RLTT ANMD M:HS R
0 : : : T : : :RH_ EALH ::WR C:/W E
R : : : : : : : :IEW RTOI ::: S:-A A
: : : : : : : tV:R R::: te:tM ::HP D
# : : : - : : tE:C O::: :::: L
| 0 1 T + el ala HE S HESH HE :
STATE N: XD TO SDL BUS AND SDH BUS.
35 FFFFFFFF FFFFFFFF 55 55 55 F F 1011 1111 1111 1001 O
36 FFFFFFFF FFFFFFFF AA AA AA F F 1011 1111 1111 1010 O
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TEST PATTERN TIMING CONSTRAINTS

The patterns should be applied with a vector period of 100 ns. or more. with all inputs driven at the start of the cycle and all
outputs sampled 60 ns or more after the beginning of the cycle, but at least 10 ns before the end of the cycle.

le@———— 100 ns MIN.———

CYCLE LENGTH

-

Lo

<¢——CYCLE 1————®»<4———CYCLE 2

VALID AREA TO SAMPLE OUTPUTS

INPUTS >
OUTPUTS )( VALID >< VALID
SPECIAL CASE SIGNALS

The only pins not tested with the test
vectors described below are =TRI (low)
and —HIDRIVE (high, low). The best
way to test these is as follows.

~TRI (low): Force -XDREAD high and
~TRI low. If the XD bus is high imped-
ance then —TRI (low) works correctly.

—HIDRIVE (high, low): Set a current
source in the range of 10to 15 mA on
one of the SD bus pins. Use a pattern
that will drive a low onto the SD bus pin
in question. Put a high value on the
—~HIDRIVE pin and test the VOL value
on that SD bus pin. Then change
the—HIDRIVE pin to a low. The VOL
value on the SD bus pin should drop by
at least 100.0 mV.

The first group of signals shown below
are the buses; MD, D, SDH (SD high
byte), SDL (SD low byte), XD, PAR and
LBE. Allthese buses are shown in
hexadecimal format. The next group of
signals are all the individual inputs and
the -PARERROR output. These
signals are shown in binary format. The
last group of signals, starting after
~SDSWAP, are the Output Enable
signals for the bidirectional buses. The
two 32-bit buses have an Output
Enable for each byte, but all four Output
Enable (OE) signals for a given bus will

transition together. The PAR bus uses
the same Qutput Enable signals as the
MD bus. All output enables are active
low indicating that the VL82C332 is
driving the bus anytime the Output
Enable signal is low.

The values on the bidirectional buses
indicate what is to be driven in if the
corresponding OE signal is high, or
what to sample on the outputs when the
OE signal is low. A value of “u” indi-
cates an output that is still “unknown”.
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VL82C332
AC CHARACTERISTICS: TA =0°Cto +70 °C, VDD =5 V +5%, VSS = OV
Symbol Parameter Min Max Unit Conditions
tD1 D31-D0 to MD31-MDO, PAR3-PARO Delay 3 20 ns CL=50 pF
tD2 CPST_WRC to MD31-MDO, PAR3-PARO Delay 3 27 ns CL=50 pF
tD3 —MDLAT Low to D31-DO Delay 3 20 ns CL=50 pF
tD4 —MDLAT Low to -PARERROR 3 20 ns CL=50 pF
tD5 —LATLO, —LATHI Low to D31-D0 Delay 3 25 ns CL=50 pF
1D6 D31-DO to XD7-XDO Delay’ 3 25 ns CL=50 pF
tD7 D31-D0 to SD15-SD0 Delay 3 30 ns CL=200 pF Note 1
tD8 XD7-XD0 to MD31-MDO, PAR3-PARO Delay 3 25 ns CL=50 pF
D9 XD7-XDO0 to D31-D0 Delay 3 25 ns CL=50 pF
tD10 XD7-XDO0 to SD15-SD0 Delay 3 30 ns CL=200 pF Note 1
tD11 SD15-SDO0 to XD7-XDO Delay 3 25 ns CL=50 pF
D12 SD15-SDO0 to MD31-MD0, PAR3-PARO Delay 3 25 ns CL=50 pF
tD13 SD15-SD0 to D31-D0 Delay 3 25 ns CL=50 pF
tD14 SD15-SD8 to SD7-SD0 Delay 3 30 ns CL=200 pF Note 1
tD15 SD7-SDO to SD15-SD8 Delay 3 30 ns CL=200 pF Note 1
D16 MD31-MDO to XD7-XDO Delay 3 25 ns CL=50 pF
tD17 MD31-MDO to SD15-SDO Delay 3 30 ns CL=200 pF Note 1
tD18 MD31-MDO to D31-D0 Delay 3 15 ns CL=50 pF
tD19 MD15-MDO to D31-D0 Delay 3 25 ns CL=50 pF
tD20 CONTROL to SD15-SD0 Delay 3 35 ns CL=200 pF Note 1
tD21 CONTROL to XD7-XDO Delay 3 25 ns CL=50 pF
tD22 CONTROL to MD31-MDO Delay 3 20 ns CL=50 pF
tD23 CONTROL to D31-D0 Delay 3 20 ns CL=50 pF
tSU24 MD31-MDO to —~MDLAT Setup Time 3 ns
tH25 MD31-MDO from ~MDLAT Hold Time 4 ns
tSU26 D31-D0 to —-MDLAT Setup Time 3 ns
tH27 D31-DO from ~MDLAT Hold Time 4 ns
tSU28 LBE3-LBEO, -RAMW to ~MDLAT Setup Time -1 ns
tH29 LBE3-LBEO, -RAMW from —MDLAT Hold TIme 8 ns
tSU30 PAR3-PARO to ~MDLAT Setup Time ns
tH31 PAR3-PARO from ~MDLAT Hold Time 4 ns
tSU32 MD15-MDO to —-LATLO, —LATHI Setup Time 10 ns
tH33 MD15-MDO from —LATLO, —~LATHI Hold Time 2 ns
tSU34 SD15-SDO0 to —LATLO, —LATHI Setup Time 10 20 ns
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VL82C332

AC CHARACTERISTICS cont.: TA=0°Cto+70°C,VDD=5V

Symbol | Parameter Min Max Unit Conditions
tH35 SD15-SDO from —LATLO, -LATHI Hold Time 2 ns

tSU36 XD7-XDO to —~LATLO, —LATHI Setup Time 10 ns

tH37 XD7-XDO from —LATLO, —LATHI Hold Time ns

tSU38 D31-D0 to CPST_WRC Setup Time ns

tH39 D31-DO from CPST_WRC Hold Time ns

140 —MDLAT Pulse Width 10 ns

141 —LATLO, —-LATHI Pulse Width 15 ns

142 CPST_WRC Pulse Width 15 ns

Note 1: These specifications are with ~HIDRIVE active.
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FIGURE 1.
D31-D0
tH39
CPST_WRC —=| (@— 13U38
tD2
MD31-MDO
tD2 lt—p>|
PAR3-PARO X
When posted, write is enabled.
—PARERROR ‘J /L_
tD4 — tD4
D31-D0 )E e
tD3 JE— D18
-MDLAT tsu24 /
Hos — o — tD1
t -
MD31MDO — () /aE N
tSU30 AN Y
— tD1
31 ol
PaRs-PAR) ———( ) \ )
tSU28 —| et —
—RAMW R/ X
tH29
tSU28 —i '4—
LBESLBED __ RRIIIIARARN WA IR
tH29
D31-DO (
— D6 — tD6
SD15-SD0
—— D7 —p tD7
XD7-XDO
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FIGURE 2.

XD7-XD0

MD31-MDO

PAR3-PARO

D31-D0

SD15-SD0

CONTROL

XD7-XD0

FIGURE 3.

SD15-SD0

XD7-XDO

MD31-MDO

PAR3-PARO

D31-DO

CONTROL

SD15-SD8

SD7-SD0

CONTROL

SD15-SD0

VL82C332
e
- EtD9 B \]ZtDQ
i J;--tDW o g—tmo
aj( '(ﬂ-tD21 ﬁ(j\rﬂ— tD21
-”L tD11 -DL tD11
B> ﬁ tD12 4> tD12
- JZE- tD12 B> r‘- tD12
Ic i
- B>

r— tD13

F— tD13

REX HIGH - LOW SWAP XS L OW - HIGH SWAPYSZN

tD14->)f J

jL.tm

¥ tD15

ﬁ;"

Y_m”

X

J< I(d— tD20 a—>f >|<—tD20

4-187



® VLSI TECHNOLOGY, INC. ADVANCE INFORMATION
VL82C332

FIGURE 4.

MD31-MDO

s iD16 B tD16

XD7-XDO0

- tD17 - tD17
SD15-SDO ;
CONTROL T T
- tD22 tD22
/‘I‘

MD31-MDO

~LATLO,~LATHI —\—MWW
> | tH33 ¢ tH35 - {H37
MD15-MDO VALID X[ vaup X

SD15-SD0 (VALIDX

XD7-XD0 VALID,

> D19 tD13 _ » tDg P> tD5
D31-D0 X )

Note: tD5 is shown with data being sourced from the MD bus. This could also be the SD or XD busses.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating -10°C to +70°C Stresses above those listed may cause indicated in this data sheet is not

Temperature permanent damage to the device. implied. Exposure to absolute maxi-
_aeo o These are stress ratings only. Func- mum rating conditions for extended

Storage Temperature —85°Cto +150°C tional operation of this device at these periods may affect device reliability.

Supply Voltage -0.5VtoVDD=0.3V  or any other conditions above those

to Ground

Applied Output —-0.5Vto VDD =0.3V

Voltage

Applied Input -05Vto7.0V

Voltage

Power Dissipation 500 mW

DC CHARACTERISTICS: TA = 0°C TO +70°C, VDD = 5 V £5%, VSS = 0 V

Symbol Parameter Min. Max. Unit Conditions

VIL Input Low Voltage -0.5 0.8 v

VIH Input High Voltage 2.0 VDD v

VOL Output Low Voltage 0.4 v

VOH Output High Voltage 2.4 Vv

IDD Static CGurrent 500 RA

IDD Dynamic Current 1.5 mA/MHz | Frequency is data dependant n
IIL Input Leakage +10 RA

102 Three-state Leakage +20 RA
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NOTES:
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128-PIN PLASTIC FLATPACK

| 1.266 (32.15)
. 1.213 (30.80)

| 1.106 (28.10)
| 1.098 (27.90)

‘ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ\

O\ INDEX

152 (3.85)
136 (3.45)

R
1.106 (28.10)
1.098 (27.90)
1.266 (32.15)
1.213 (30.80)
LLguuuuuummuuuuuuuuuuuuuuuuuuummu

DETAIL —A-

063 (1.60)
TYP
\\

T \\
|  E
J U
“-- SEATING PLANE
o084 (2128 . N\ =
053 (1.35) 1 [T G007 (70)
141 (3.57) ; _ __ .008 Ezos)
125 (317) ‘[004 10)
T ot NOTES: _
014 ( 36) 10
002 (.05) . .037 (.95) 1. CONTROLLING DIMENSION IS MM.
031_(:80) 016 (.40j
018 (.45)
=010 (.25)
[¢|.oos (.20) TYP®]
DETAIL —A—
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160-PIN PLASTIC FLATPACK
| 1.266 (32.15)

152 (3.85)
‘—‘{— 136 (3.45)

1.213 (30.80) —

L 1.106_(28.10) =

oI 160 l‘ 1.098 (27.90) §
T, =

PIN 1 = =
O\ INDEX % %

= o959k =

= 83 8R =

- =<
e ~~

052 (1.33)

TP
[w)
m
—f
>
—
|
>
|

SO m||||umnmm]mI[mr|me]T_‘f\

.084 (2.125) S N
.053 (1.35) E
141 (3.57) f _ ‘ .008 2.203)
125 (3.17) .004 (.10)
R Y
T N
.014 ((%%)) N 0—1(0
-002 (. .037 (.95)
.026 (.65) .016 (.40)
TYP .016 (.40)
~T1I7".008 (.20) NOTES:
|#[.oo6 (.15) TYP®] 1. CONTROLLING DIMENSION IS MM.
DETAIL —A—
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BIOS

CPU:

Speed:

Coprocessor:

User Programs:
CMOS Setup Program:

Extended CMOS:
Setup Program
(optional)

Advanced ROM:
Diagnostics
(optional)

AMI 80286/80386SX/80386DX BIOS
FOR VLSI TOPCAT CHIP SET

Intel 80286, 80386SX, 80386DX
Auto-detect between 80386SX and 80386DX

6 MHz to 33 MHz
BIOS is Speed independent

Intel 80287, 80387SX, 80387, and Weitek or compatible coprocessors

Full screen edit
Full parameter display of each option
Allows user to set date and time
Allows user to set floppy drive type
(3.5" 720 KB and 1.44 MB/5.25" 360 KB and 1.2 MB)
Allows user to set fixed disk drive types (46 types)
Two user-definable fixed disk drive types
Full calendar display
Allow user to disable keyboard test, floppy test, and video test upon boot-up
Built into ROM

Easy Extended CMOS Setup allows the user to:
Enable Main BIOS Shadow RAM
Enable Video BIOS Shadow RAM
Select Main and Bus Clock sources
Select Main Memory Waitstates

Advanced Extended CMOS Setup allows the user to program the individual chip-
set registers directly in order to achieve optimum performance from the
motherboard. Each component is referred to by its chip number, and
each programmable register is shown with its current value. Valid pro-
gramming options are shown in a friendly pop-up window.

Both are available in ROM or on diskette

Allows the user to perform extensive diagonostic tests on peripherals and to
troubleshoot system errors
Test for floppy disk drive such as:
Floppy Format
Drive Speed Test
Radom R/W Test
Sequential R/W Test
Disk Change Line Test
Tests for fixed disk drives such as:
Performance Test
Seek Test
Read/Verify Test
Check Test Cylinder
Routines for fixed disk preparation routines such as:
Hard Disk format
Automatic Interleave detection
Media Analysis
Force Bad Track List
Tests for video subsystem
Test for serial and parallel ports
Tests for keyboard scan and ASCII codes
Built into ROM

AMI

Single Source Technology™
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BIOS

POST Routines:

Main Memory:
Maximum:

Auto-Detect:
DRAM type:

Cache Memory:

Floppy Disk:

Fixed Disk:

Standard Video:

/0 Ports:

Keyboard Support:

Keyboard Controller:

Configurations:

All IBM Standard POST Routines

Enhanced AMI POST Routines

Support for 80386’s Internal Diagostics

Tests for CPU, 8259, 8253, Main Memory, Video, DMA Controller, Floppy disk drive, Fixed
disk drive, Keyboard, Coprocessor, 1/O Ports, etc.

AMI defined POST codes through port 80h

Easy to understand error messages appear on the screen if problems occur

Well defined error codes through speaker if there is no video system present

64 MB on-board for 83086DX

16 MB on-board for 80386SX

16 MB on-board for 80386 (32 MB with SEEMS EMS LIM 4.0 driver)
Automatic detection of DRAM types, number of banks and total memory size
256 KB and 1 MB DRAMs

Support available for the following cache controllers:
Austek A38202, Intel 82385
BIOS can be customized for other controllers
Cache can be enabled/disabled through keyboard

Support for 5.25" 360 KB and 1.2 MB/3.5" 720 KB and 1.44 MB disk drives
Support for two internal disk drives

Floppy POST test can be bypassed through CMOS Setup (described above)
Support for on-board floppy ports in “Combo Chip”

Standard Drive Table of 46 drive types can be customized by OEMs and VARs using
AMIGEN (described in Optional Software section below)

Support for MFM, RLL, ESDI, SCSI, and IDE fixed disk drives with up to 4096 cylinders

Two user-definable drive types in CMOS Setup

Support for on-board IDE interface in “Combo Chip”

Support for MDA and CGA built into BIOS

Support for EGA, VGA, and JEGA available

Allows use of moncechrome or color monitors

Video POST test can be bypassed through CMOS Setup (described above)

Optional BIOS modules can be linked into Main BIOS or can be used on a separate video
adapter board

Support for four serial (COM) ports

Support for three parallel (LPT) ports

Auto-detect of all off-board serial and parallel ports

Support for on-board serial and parallel ports in “Combo Chip”

Support for 83/84 key, 101/102 key keyboards and auto-sense keyboards
Keyboard POST test can be bypassed through CMOS Setup (see above)

Auto-detect between AT and PS/2 keyboard standards
Support for PS/2-style mouse with appropriate hardware
Support for on-board keyboard controller in “Combo Chip”
Controller speed ranges from 6 MHz to 12 MHz

Fileserver (no video or keyboard)

Workstation (no fixed or floppy disks)

Standard (video, keyboard, floppy disk exist)

All of the above can be configured through CMOS Setup described above
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BIOS Format: AMI BIOS is available in these formats:
EPROMs: 1-27512 ROMs (64 KB each)
2-27256 ROMSs (32 KB each)
4-27128 ROMs (16 KB each)

Diskette: ROM files (binary format) on diskette
Source: Souce Code Modules on diskette

Optional Software: AMICACHE: An excellent fixed disk caching program which increases data transfer rate.
AMIDISK: RAM Disk Utility. Converts RAM to Disk Space. Runs in base
memory, Extended Memory, or Expanded Memory.
AMIDIAG: Award-Winning diagnostics utility based on AMI’'s Advanced ROM
Diagonstics. Troubleshoots system components, RAM and ROM, and all peripherals.
AMI SEEMS: Software Emulated Expanded Memory System. Expanded Memory Manager
which adheres to LIM 4.0 specifications.
AMIGEN: AMI BIOS modification utility used by OEMs and VARSs to change sign-on mes-
sage, clock and bus control methods, fixed-disk drive table, and many other features.

All company and product names are trademarks of the manufacturer respectively. AMI

Single Source Technology™

American Megatrends, Inc., 1346 Oakbrook Drive Suite 120, Norcross, Georgia 30093
(404) 263-8181 Fax ( 404) 263-9381 TELEX 910-240-1527
In USA 1-800-U-BUY-AMI
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Software Solutions for System Manufacturers

Award’s Modular BIOS is setting the standard for
Intel® microporcessor-based AT-compatible
systems, with a modular architecture available
for major chip platforms. The BIOS can be
customized to support almost any special
configuration, while providing full compatibility with
the IBM AT® standard. The Award BIOS
features a built-in Setup program, an enhanced
Power On Self Test (POST), and the fastest
character I/O available. Award’s BIOS products
offer the best in high performance and flexibility
for all systems’ requirements.

BIOS Features

47 Standard Drive Types to choose from
«  Choose from a wide selection of standard
drive types in Setup
User Definable Drive Tables
> In addition to the standard 47 drive types,
you can define two drive types to fit the
requirements of your system
Password Protection
»  Protect against access to Setup or to the
entire system
Extensive POST
»  Test and initialize all system components
Buiit-in ROM Setup
e Access Setup from ROM during POST
MODBIN™ for custom changes to binary files.
«  Customize the BIOS for specific needs

Award
Software,
Inc.

4

AWARD MODULAR BIOS™
FOR THE VLSI TOPCAT CHIP SETS
FOR 286, 386™ SX, 386™ DX, & 486™ PROCESSORS

Chip Set Features

The VLSI TOPCAT chip sets are designed for the
ISA (PC/AT bus) platform architecture for use
with the Intel microprocessor family.

Multiple processor speeds
«  From 12 MHz to 33 MHz for 386DX and

486
«  From 12 MHz to 20 MHz for 286 and
386SX
Numeric Coprocessor

*  Weitek™ 4167 for 486
«  387™DX and Weitek 3167 for 386DX
« 387SXfor 386SX
e 287 for 286
Advanced Memory Configurations
*  One to four banks of 32-bit DRAM for a
total of 64 MB for 386DX and 486
*  One to four banks of 16-bit DRAM for a total
. of 32 MB for 286 and 386SX
« FullLIM EMS 4.0 specification over entire
memory map
¢ Automatic DRAM memory sizing
«  Memory banks automatically remapped to
allow logical re-ordering of DRAM
= Two-way and four-way page mode
interleaving or direct access of on-board
system memory
*  Default DRAM timing parameters
programmable through MODBIN
Shadow RAM
*  Enable Shadow RAM in 16K increments
Extended Setup
e Available in ROM or on diskette
VLSI VL82C106 combo /O chip
«  Enable/disable of VL82C106 on-chip selects
(e.g. serial port and parallel port)
Cache Support
*  Selectable through Setup
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Versatile Modular Configuration

The Award Modular BIOS is available in ready-to-install
standard AT-style ROMs, in an Intel-format binary file on

diskette — ready to download to a PROM burner — and also in
source code modules. The BIOS configuration options make

it easy for the system builder as well as the end user.

Commitment To Support

Award is committed to your success and offers everything you
need to produce a compatible, trouble-free design. Award offers
in-house design compatibility services, maintenance agreements,
custom software development, telephone technical support, a 24-
hour On-Line Support System, and a dedicated Sales and
Technical Support Team. To see how you can make these
advantages work for you, contact Award’s corporate office or the
sales office nearest you.

Sales Offices
Corporate Office Boston Taiwan
Award Software, Inc. Award Software, Inc. Award Software Taiwan, Co.
130 Knowles Drive 599 Canal Street Ltd.
Los Gatos, CA 95030 Lawrence, MA 01840 12th Floor
TEL: 408-370-7979 TEL: 508-686-6444 16 Nanking East Road Sec. 5
FAX: 408-370-3399 FAX: 508-686-6473 Taipei Taiwan R.O.C.
TEL: 886-2-7531038
Dallas Europe FAX: 886-2-7648748
Award Software, Inc. Award Europe
4025 Woodland Park Bivd. Nymphenburger Strasse 119b
Suite 380 8000 Munchen 19
Arlington, TX 76013 West Germany
TEL: 817-274-9353 TEL: 49-89-182-067
FAX: 817-374-9320 FAX: 49-89-182-000

Trademark Information

Modular BIOS and MODBIN are trademarks of Award
Software, Inc.

IBM AT is a registered trademark of International
Business Machines Corporation.

Intel is a registered trademark and 486, 386, and 387 are
trademarks of Intel Corporation.

Weitek is a trademark of Weitek Corporation.

Printed in U.S.A
©Award Software, Inc. August, 1990
Al rights Reserved
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Phoenix ROM BIOS Benefits

»  Superior Setup utility
optimized for end-user ease-
of-use.

e Agreater level of compatibil-
ity through close working
relationships with silicon
vendors, major OEMs, and
ISVs.

«  Afully field-tested product.
More than 200 leading OEMs
ship millions of Phoenix
ROM BIOS each year. In
tact, more systems ship with
Phoenix ROM BIOS than
any other BIOS — including
IBM.

«  Abrand name recognized,
valued, and specified by end
users. ‘

e The widest array of system
software products. Phoenix
can provide you with a single
source for your compatibility
software across all your
product platforms, including
BIOS, utilities, and operating
systems adaptation.

»  Rigorously enforced legal
safeguards. Phoenix
pioneered the cleanroom
method of compatibility
product development.

oo

Phoenix Technologies Ltd.

846 University Avenue
Norwood, MA 02062-3950
TEL: (617) 551-4000
FAX: (617) 551-3750

PHOENIX 80386 ROM BIOS FOR

VLSI® TOPCAT 386™ DX CHIP SET/INTEL® 82340DX

. Overview

Phoenix Technologies is the leading software developer that pioneered
PC compatibility. By customizing its family of ROM BIOS products to
support the widest variety of chip sets, processors, and bus architec-
tures, Phoenix enables PC manufacturers to create complete product
lines that offer full compatibility with industry standards.

With Phoenix ROM BIOS products, OEMs can get to market faster —
without the added burden of standards-support engineering — and still be
assured of full compatibility.

As part of this industry mandate to support leading standards, Phoenix
now offers 80386 ROM BIOS for the VLSI TOPCAT 386DX chip set/Intel
82340DX. This Phoenix/VLSVintel combination is a high performance,
low-cost firmware solution for i386™ -based, AT®-compatible desktop,
laptop, portable, and hand-held systems.

Flexible Memory Architecture

This three-component chip set features a variety of memory configuration
options to suit your particular design needs, including two- or four-way
interleaving of memory. This enables designers to specify less-expen-
sive memory components. Systems employing this chip set/BIOS
tandem can employ one-to-four banks of 32-bit DRAM using 256 KB, 1
MB, or 4 MB components, for a maximum of 64 MB on the system board.
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SPECIFICATIONS

CPU

Math Coprocessor Support
Processor Speeds

Bus Clock Speed

BIOS Setup

BIOS Configuration

Diskette Drives

Fixed-Disk Drives

Keyboard Support

Standard Video Support

Optional Video Support

POST and Diagnostics

Intel i386

Intel i387

16-33 MHz

Adjustable bus clock speed for complete compatibility

Choose:

» Register Control Mode (RCM) Setup for debugging and maximum configurability.
Control all 26 programmable registers in the chip set.

»  Feature Control Mode (FCM) Setup for ease-of-use. Specify ROM shadowing in 16 KB
blocks, or override dynamic memory configuration and set memory bank map.

Code size: 64 KB or 128 KB

BIOS supplied in your choice of canfiguration:
«  Two 27256 EPROMs

»  Four 27128 EPROMs

¢ One 27512 EPROM

»  Two 27512 EPROMSs (128 KB version)

5.25-inch: 160 KB, 180 KB, 320 KB, 36 KB, 1.2 MB
3.5-inch: 720 KB and 1.44 MB
Support for two internal and two external diskette drives

Choose from 47 different OEM-customizable drive types in Setup

Users can specify two drive types in CMOS memory

ST506 (17 sectors-per-track), RLL (26 sectors-per-track), ARLL 36 sectors-per-track), and
ESDI (34/36 sectors-per-track) devices supported

101/102-key and 83/84-key keyboard support

Keyboard controller speeds of 6-12 MHz

Keyboard-based CPU clock-speed switching (three speeds)

Adjustable key-click volume (eight levels selectable from keyboard)

Supports auto-sensing keyboards including Maxiswitch™ or BTC™

In addition to VLS| VL82C106/Intel 82341, the BIOS also supports Phoenix Keyboard
Controller Firmware (8042-compatible) option

Software for MDA and CGA included
Supports EGA and VGA BIOS options
Monochrome, color direct-drive analog, and multiscan rate monitors supported

Phoenix Advanced Video BIOS (VGA-compatible) available
Phaenix Enhanced Video BIOS PLUS (EGA-compatible) available
Video BIOS can optionally reside in system BIOS ROMs to save cost and board space.

User-terminate memory test (up to 64 MB RAM)

Support 80386's internal diagnostics

System boot and run-time messages

Beep codes identify subsystem-level problems if video fails
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SPECIFICATIONS (Cont.)

Communication Device
Support

Standard Utllities

Standard Features

Optional Features

Deliverables

Phoenix Technologies Ltd.

Corporate Headquarters
Eastern USA

Phoenix Technologies Ltd.
846 University Avenue
Norwood, MA 02062-3950
TEL: (617) 551-4000
FAX: (617) 551-3750

Four serial ports (up to 19,200 baud)
Four parallel ports with bidirectional mode support

HDFORM.EXE - low-level fixed-disk formatter
EXDSKBIO.DRV - external diskette-device driver
SETUP — ROM- or diskette-based system feature configurer

Customer sign-on message

Support for hardware EMS, shadowing and fast A20 gating
NMI handling to prevent system lockup after NMI

Server configurations without keyboard or video

Network station configurations without disk or diskette drives

SCSi fixed-disk drive support

Phoenix EMS Driver provides full LIM 4.0 support

Custom, non-standard I/O device support available
PS/28-style mouse operation and multi-level password security
Laptop implementations

Software:

»  Object code (hex files) in EPROM and on diskette
«  Utility software (see above)

»  Serialized EPROM labels

»  Source cods (if licensed) on diskette

»  Plink86 linker for source code licensees
Documentation:

Release Notes

Guide to Features

Features Reference

User Guide

Technical Reference

Source Adaptation Guide

Application Notes

Western USA/Asia Taiwan Europe
Phoenix Technologies Ltd.  Phoenix Technologies Ltd. Phoenix Technologies Ltd.
40 Airport Parkway Walsin Lihwa Building, 6th Floor Les Algorithmes ARISTOTE B

San Jose, CA 95110
TEL: (408) 452-6500
FAX: (408) 452-1985

675 Min Sheng East Road
Taipei, Taiwan ROC

TEL: 886-2-718-8956
FAX: 886-2-718-8955

Sophia Antipolis

2000 Route des Lucioles
06560 Valbonne, France
TEL: 33-93-65-4600
FAX: 33-93-95-8102

All trademarks acknowledged.
©Copyright 1990 Phoenix Technologles Ltd.
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VL82C286/VL82C386 ENHANCED 3.0 BIOS
VLSI TECHNOLOGY TOPCAT CHIP SET

Quadtel

The Quadtel 286, 386/SX, 386, and 486 BIOS are IBM AT compatible BIOS products designed to operate with systems based
on the VLSI Technology VL82C286/VL82C386 chip sets. These BIOS products provide the highest performance possible with
the use of shadow RAM, interleaved, page mode zero wait-state memory with optional Cache Controller and intergrated
Peripheral Controller at CPU speeds up to 33 MHz. Automatic memory sizing, bank reordering and configuration is provided to
allow for the TOPCAT maximum amount of memory to be installed in the optimum system configuration. Using the shadow
RAM logic designed into the chip sets, the ROM BIOS can be copied to RAM allowing for execution in high speed zero wait-
state memory.

Description

Extensive testing with OS/2, IBM Network and 3270 workstation program, Netware, Microsoft Windows and other BIOS-critical
operating systems and applications ensure the highest degree of compatibility of any AT BIOS product available. Developed
from specification with a clean-room methodology (as are all Quadtel BIOS products) legitimacy is always a standard feature.

Advanced features such as Setup in ROM, extensive directory of supported hard drives, two user configurable drive types
(stored in CMOS) are all standard in this BIOS product. Custom features can be implemented for specialized hardware require-
ments. Most of the configuration options of the VL82C286/VL82C386 chips sets can be set with the BIOSEDIT™ program.
These options include CPU speed, bus timing, DRAM timing, refresh timing, RAM/ROM configuration, address map configura-
tion and more.

Features Summary

Operates at CPU speeds up to 20 MHz (SX), 25 MHz (286), and 33 MHz (386/486)

Fully compatible with OS/2, Netware, and other critical operating environments

Automtic memory sizing, bank reordering and configuration during self-test

Supports the maximum amount of RAM allowed by theTOPCAT chip set

BIOSEDIT™ program allows the configuration of most BIOS options without source code

Automatic detection and support provided for the 80287 (286), 80387SX (SX), and 80387 (386) coprocessors
Intel 82385 and Austek 202 cache controllers supported

ROM Setup allows configurable EMS, Extended, and Shadow RAM options

Supports 47 fixed disk drive types

Supports two user configurable drive types for those special one-of-a-kind drive configurations

Supports 360K, 720K, 1.2MB, and 1.44MB diskette drive types

Automatically supports the PC, XT, and AT keyboards with the Quadtel 8042 keyboard controller
Keyboard selectable CPU speed switching

Support for ESDI and RLL drives and controllers

Compatible with the Quadtel 8042 Keyboard controller and the VL82C106 IPC internal keyboard controller
Legitimacy assured through “clean-room” BIOS design

Setup control of VL82C106 IPC dual serial ports, parallel port, IDE Fixed Disk and 37C65 FDC Chip Select
EMS 4.0 Memory Manager and Productivity software (RAMDisk, Spooler and Cache) optionally available
Optimized support for the FAST CPU RESET and GATE A20

Diagonostics, Disk Cache, EMS, PS/2 Mouse Support and other optional BIOS Features available

® o o ® o o e o ° o 0 & o o o o & o o o

3190-J AIRPORT LOOP COSTA MESA, CA USA 92626
TEL: (714) 754-4422 FAX: (714) 754-4426 BBS: (714) 754-6689
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SALES OFFICES, DESIGN CENTERS, AND DISTRIBUTORS

VLSI CORPORATE OFFICES
CORPORATE HEADQUARTERS - ASIC PRODUCTS - VLSI Technology, Inc. = 1109 McKay Drive « San Jose, CA 95131 « 408-434-3100
LOGIC, GOVERNMENT AND AUTOMOTIVE PRODUCTS - VLSI Technology, Inc. = 8375 South River Parkway « Tempe, AZ 85284 » 602-752-8574

VLSI SALES

OFFICES AND

TECH CENTERS

ARIZONA

8375 South River Parkway
Tempe, AZ 85284
602-752-6450

FAX 602-752-6001

CALIFORNIA
2235 Qume Dr

San Jose, CA 95131
408-922-5200

FAX 408-943-9792
TELEX 278807

MAIL

1109 McKay Drive

San Jose, CA 95131

6345 Balboa Blvd., Ste. 100
Encino, CA 91316
818-609-9981

FAX 818-609-0535

30 Corporate Park,

Stes. 100-102

Irving, CA 92714

GERMANY
Rosenkavalierplatz 10
D-8000 Muenchen 81
West Germany
89-92795-0

TELEX 521 4279 visid
FAX 89-92795-145

HONG KONG

Shui On Centre 2812-14

8 Harbour Road

Hong Kong
011-852-865-3755

FAX 011-852-865-3159
ITALY

Filiale Italiana

Centro Direzionale Colleoni
Palazzo Cassiopea, 3
1-20041 Agrate Brianza (M!)
39-6056791

FAX 39-6056808

JAPAI

Shuwa-Kioicho TBR Bldg., #101
Kojimachi 5-7, Chiyoda-Ku
Tokyo, Japan 102
81-3-239-5211

OHIO

4 Commerce Park Square
23200 Chagrin Blvd., Ste.600
Cleveland, OH 44122
216-292-8235

FAX 216-464-7609

OREGON

10300 S.W. Greenburg Rd.,
Ste. 365

Portland, OR 97223
503-244-9882

FAX 503-245-0375

XAS
9600 Greal Hills Trail,
Ste. 1
Austln TX 78759
512-343-8191
FAX 512-343-2759

JAPAN

Shuwa-Kioicho Park Bldg., #503
Kioicho 3-6, Chiyoda-Ku

Tokyo, Japan 102
81-3-262-0850

FAX 81-3-262-0881

VLSI AUTHORIZED

IDAHO

INTERMOUNTAIN TECHNICAL
MKTG

Meridian, 208-888-6071

VLSI SALES SINGAPORE
DYNAMIC SYSTEMS PTE, LTD
f::ol‘:“lf\sENTATIVES AS AL
TAIWAN
LUSCOMBE ENGINEERING
PRINCETON TECH CORP.
22&522::;:]‘2\'949'9333 Taipei, 886-2-717-1439
THAILAND
T O 123 TRON ELECTRONICS €O LTD
g Bangkok, 66-2589863
CENTAUR CORP.
G i i)
San Diego, 619-278-4950 DISTRIBUTORS
EMERGING TECHNOLOGY United States represented by
San Jose, 408-263-9366 SCHWEBER ELECTRONICS
EMERGING TECHNOLOGY except where noted
Cameron Park, 916-676-4387 ALABAMA
COLORADO Huntsville, 205-895-0480
LUSCOMBE ENGINEERING ARIZONA
Longmont, 303-772-3342 Tempe, 602-431-0030
CALIFORNIA

Calabasas, 818-880-9686
Irvine, 714-587-0404
San Diego, 619-495-0015

PENNSYLVANIA
Pittsburgh, 412-963-6804

TEXAS

Austin, 512-339-0088
Dallas, 214-247-6300
Houston, 713-977-5383

WASHINGTON

ALMAC ELECTRONICS CORP.
Bellevug, 206-643-9992
Spokane, 508-924-3500

WISCONSIN
New Berlin, 414-784-9451

AUSTRIA
THOMAS NEUROTH
Wien, 222-825645

BELGIUM/LUXEMBURG
MICROTRON
Mechelen, 215-212223

CANADA

SEMAD

Calgary, 403-252-5664
Markham, 416-475-8500
Montreal, 514-694-0860
Ottawa, 613-727-8325

British Columbia, 604-420-9889

714-250-4900 FAX 81-3-239-5215 ; San Jose, 408-432-7171
FAX 714-250-9041 ﬂ"'"sa'bsas";, M;Dzﬂégau TF DESIGN CENTERS SELTEC SALES COLORADO DENMARK
FLOTDAC IN., Ste. 600 cr::%wu %ns:i(a ‘542 Japan COLORADO - Cedar Rapids, 319-364-7660 Englewood, 303-799-0258 DELCO
D 1ot 06-243-604 SIS MICROELECTRONICS, INC. ~ KANSAS CONNECTICUT Allerod, 4-277783
305-971-0404 FAX 06-243- 6960 Longmont, 303-776-1667 ELECTRI-REP Oxford, 203-264-4700 ENGLAND
FAX 305-971-2086 TAIWAN ILLINOIS Overland Park, 913-649-2168 FLORIDA HAWKE COMPONENTS
GEORGIA Unit 7, 7th Floor, Lotus Bidg. ASIC DESIGNS MARYLAND Orlando/Tampa, 407-331-7555 f}‘;;;;;;@gﬂhamesﬂ
2400 Pleasant Hill Rd., Ste 200 136 Jen-Ai Rd., Section 3 Naperville, 708-717-5841 DELTA Il Pompano Beach, 305-977-7511
Duluth, GA 30136 " Taipel, Taiwan, R.0.C. MAINE Columbia, 301-730-4700 GEORGIA EU[‘)‘OS_I-;’?QRE:%EO%D
404-476-8574 886-2-325-4422 QUADIC SYSTEMS, INC. MISSOURI Norcross, 404-449-9170 erks,
FAX 404-476-3790 FAX 886-2-325-4411 South Portland, 207-871-8244 ELECTRI-REP ILLINOIS QUARNDON ELECTRONICS
ILLINOIS UNITED KINGDOM PENNSYLVANIA St. Louis, 314-993-4421 Schaumburg, 708-330-2888 Derby, 332-32651
3100 Higgins Rd., Ste. 155 486-488 Midsummer Bivd. INTEGRATED CIRCUIT NEW MEXICO INDIANA FINLAND
Hoffman Estates, IL 60195 iaxon Gmwgéa Central Milton  gygTeMS, | LUSCOMBE ENGINEERING Indianapols, 317-843-1050 COMDAX
708-884-0500 eynes, MK9 ng 01 Plussm 215-265-8690 Albuquerque, 505-888-0333 Helsinki, 80-670277
FAX 708-884-9394 United Kingdom IOWA FRANCE
09 08/66 75 95 NEW YORK Cedar Rapids, 319-373-1417
MARYLAND TELEX visiuk 825 135 PACIFIC Mlcnosv.scmomcs bbd ELECTRONICS i ASAP s..
124 Maryland Rte 3 N. FAX 09 08/67 00 27 CENTRE Rochester, 716-425-4101 KANSAS Montigny-le-Bretonneux,
MlllerS\/7illg‘7§,A7D 21108 British Columbia, 604-293-5794 OREGON Overland Park 913-492-2922 1-30438233
301-987- MARYLAN GERMANY
K. TRA TECHNICAL SALES,
FAX 301-087-4489 ‘é":__?:: gééEs EATEaNOLOeY e RATEC Columba, 301.566-7800 DATA MODUL GmbH
A SACHUSETTS Herts, 76-3-61222 Beaverton, 503-643-5074 MASSACHUSETTS Muenchen, 89-560170
51 Ballardvale St. ALABAMA SYMBIONICS UTAH Wilminglon 508-694-9100 BIT-ELECTRONIC AG
‘s'%'},"ggg{ggb'f“ 01887 2614 Arte St., Ste. 36 Cambridge, 223-421025 LUSCOMBE ENGINEERING MICHIGA Muenchen, 83-4180070
FAX 508-657-6420 Huntsuil, AL 35805 FRANCE Salt Lake Ciy, G01-65-0885 L ivonis, 313-525-6100 ITALY
205-539-5513 INTER-REP S.P.A,
NEW JERSEY FAX 205-536-8622 CETIA WASHINGTON MINNESOTA INTER-REP SPA
311C Enterprise Dr. CONNECTICUT Toulon Cedex, 9-42-12005 ELECTRA TECHNICAL SALES,  Eden Prairie, 612-941-5280 g
Plainsboro, NJ 08536 850 North Main St, Bidg. 1,2 SOREP a0, 206-621-7442 MISSOURI JAPAN
609-799-5700 Wallingford, CT 06492 Chateaubourg, 99-623955 reants Earth City, 314-739-0526 ASAHI GLASS CO. LTD
FAX 609-799-5720 203-265-6698 AUSTRALIA NEW HAMPSHIRE Tokyo, 81-3-218-5854
NORTH CAROLINA FAX 203.265-3653 ADC CORPORATION GEORGE BROWN GROUP 1IRE TOKYO ELECTRON, LTD
Adelaide, 61-8-352-2222 Manchester, 603-625-2250 Tokyo, 81-423-33-8414
1000 Park Forty Plaza, Ste. 300 FLORIDA Tokyo, 03-452-1259 Brisbane, 61-7-252-3876 NEW JERSEY il
Durham, NG 27713 5955T. G, Lee B, Ste. 170 LSI SYSTEMS, INC. Melbourr, 61-3-678-8111 M. Laurel, 809-273-7900 TETHERLANDS
ez, Ortando, FL 32622 Kanagawa, 0462-29-3220 Newcastle, 61-49-69-6309 Pinebrook, 201-227-7880 Aa Heeswijk-Dinther
407-240-9604 NIPPON STEEL CORPORATION  Perth, 61-9-362-1044 NEW YORK Piiweisy '
TEXAS FAX 407-855-2595 Tokyo, 03-5566-2141 Sydney, 61-2-638-1888 e 383-8020
850 E. Arapaho Rd., Ste. 270 MINNESOTA KOREA CANADA HO & 516-231-2500 PUERTO RICO
Richardson, TX 75081 5831 Cedar Lake Rd. auppauge, ISLA CARIBE ELECTRO SALES
931 ; 3 ANAM VLSI DESIGN CENTER TECH-REP ELECTRONICS Westbury, 516-876-4000 0.
214-231-6716 St. Louis Park, MN 55416 " - Guaynabo, 809-720-4430
FAX 214-669-1413 §12-545.1430 Seoul, 82-2-553-2106 British Columbla, 6014221788 NORTH CAROLINA SWEDEN
~049 lontreal, 514-337- A
WASHINGTON FAX 612-545-3489 NORWAY Ottawa, 613-225-9186 Raleigh, 919-876-0000 TRACO AB
405 114th Ave. SE, Ste. 300 NEW YORK NORKRETS AS Toronto, 416-890-2903 OHIO Farsta, 8-930000
zngmg 5%'1\ 49 004 820 Cross Keys Office Park Oslo, 47-2360677/8 HONG KONG geacmosﬂ%_%gj%bzwo SPAIN AND PORTUGAL
FAX 206-453-5229 Fairport, NY 14450 LESTINA INTERNATIONAL, LTD ayton, SEMICONDUCTORES s.a.
716-223-0590 Tsimshatsui, 852-7351736 OKLAHOMA Barcelona, 3-21723 40
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critical components in life support appliances, devices, or
systems in which the failure of a VLSI Technology product
to perform could be expected to result in personal injury.
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