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PREFACE

This manual provides the reader with an in-depth technical reference on the VLSI Technology,
Inc. families of computer product chip sets and devices. 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 his or her system performance specifications. If the system designer requires
performance or functions not included in this manual, he or she should contact their local VLS
Technology Design Center or Sales office. Most of the devices in this manual were designed
with VLSI's tools, and are available for ASIC designs if the designer wishes to design derivative
product.

In addition to a detailed hardware description of each device, this manual also contains PC/AT-
compatible system schematics 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 this manual often. This will allow rapid publication of data on new products,
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 Products Divi-
sion 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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INTRODUCTION

COMPUTER PRODUCTS DATA MANUAL

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 iine
includes microprocessors and
coprocessors, petipheral circuits, and
products for data communications and
telecommunications applications.

Unlike other suppliers of such devices,
however, VLSI 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. The primary

vehicles for accomplishing this are the
megacell and cores; many of the
functions represented by individual
devices are implemented as megacells
in VLSI’s software libraries and used for
semicustom circuit design and functions
developed as megacelis for specific
applications can be turned into catalog
products. Most other functions are
available as high integration cores
which can be utilized by VLS! o create
variations of these standard products
for specific customer requirements.

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
compestition. Megacelis help decrease
design time by providing large building
blocks that are equivalents of standard
off-the-shelf products. By using meg-
acells and VLSI's design tools, manu-
facturers can have a custom IC design
capability without all of the normal
custom development costs.

The VLSI Technology family of meg-
acells 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 sysiems that are aiready in
production. This increased level of
integration provides cost and space
reduction that can keep the system
designs competitive. In a market-
specific design, upward-compatible
enhancemants that mest the needs of
many customers can be added and the
device offered as a new standard
product.

VLSIF'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.

FIGURE 1. VLS| TECHNOLOGY MEGACELLS ARE OF A FIXED HEIGHT, WITH VARIABLE WIDTHS.
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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 arate 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 VO
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 VLS| Technol-
ogy megacell family is implemented in

high speed, low power, two-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 megacell-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 I1C 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 /O pads of
a specific megacell are connected to
the 1/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
with the rest of the chip’s test program
using VLSIvector. VLS| 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 he
megacells have been fabricated
correctly and are functioning within their
specifications. They are developed with
a focus on very high fault coverage.

1-4
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In fact, there is no need to simulate
these test programs, except for a final
verification that the test isolation
circuitty 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 simuiation is compiete and the
design works satisfactorily, the layout
process can bsgin. 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 megacell, 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 extractionis
complete and the netlist comparison
between schematic and layout is
successful, the device can be resimu-
lated in software with more accuracy,
since values of expected capacitance
are extracted along with the connectiv-
ity 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 sentto 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

Megacslls 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, cell 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.

1-5
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ORDERING AND PACKAGING INFORMATION

GENERAL

VLSI Technology, inc., Logic Products devices are available in a variety of plastic packages - inciuding 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 shest.

The information is organized as follows:

V. L 9999999 BB P T

I I—— Temperature Code

Corporate Code l Package Code
"Logic” Products  —1 | L 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)
| - Industrial (refer to spec.)
M - Military (-55°C to +125°C)
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PACKAGE CONSIDERATIONS
DUAL IN-LINE PACKAGES

The dual in-line package (DIP) has
been in high-volume production for
nearly twenty years, and is estimated
to have been the package of choice
for over 80% of all integrated circuits
shipped in 1985. Some 1986 usage
estimates are as high as 18 billion
units worldwide. Generally, devices
in DIPs can be purchased in two
types of ceramic (cerdip and side-
brazed) and in the very-familiar
molded plastic package. Over 85%
of all DIPs, or over 12 billion, sold
worldwide in 1985 were plastic.

The ceramic side-brazed package is
relatively expensive and is frequently
imported. It has excellent mechani-
cal characteristics, including the
ability to survive extreme tempera-
tures, salt water, and corrosive
atmospheres. However, as the cost
of the integrated circuit it houses
becomes less and less expensive,
the relative cost of the ceramic DIP
becomes a major concern. In a large
number of applications, this package
is several times more expensive than
the chip within it. As would be
expected, this package is very
popular in military electronics and in
other potentially harsh mechanical
environments. The side-brazed
package, while representing less
than 2% of all DIP packages ship-
ped in 1985, represents a higher
percentage of DIP revenue, due to
its comparatively high average
selling price (ASP).

The cerdip is a “‘sandwich’ of two
ceramic parts that are joined
together by a cement-like epoxy. The
die itself is mounted on a lead
frame, and enjoys many of the cost
economies associated with this
approach. The cerdip has some of
the mechanical advantages of the
side-brazed ceramic at a lower cost.
The cerdip represented about 14%
of all DIP shipments in 1985.

The plastic DIP has been the cata-
lyst for the computer revolution. The
dramatic reduction in the cost of
Mmicroprocessors, microprocessor
peripherals, communications
devices, and memories has been
passed along to the manufacturers
and the final users because plastic

packaging has remained extremely
inexpensive. In addition, reliable
automated 16-pin and 14-pin DIP
insertion equipment has dramatically
reduced manual ‘“‘board stuffing”
costs of DIPs. The plastic DIP itself
is easy to manufacture. The die is
mounted on a copper-alloy lead
frame and the plastic material is
molded around it. It is usually
branded by a printing method with
an epoxy-based ink but, recently,
laser-scribing the number into the
plastic body is gaining popularity,
reducing costs even further.

Mechanically, the DIP has proven to
be an extremely utilitarian package
in most applications. Its short, stiff
leads on 2.54 mm (0.1 inch, or

100 mil) centers allow reasonably
easy insertion for both test and
production by both manual and
automatic techniques. While more
expensive DIPs are placed in
sockets, the overwhelming majority
are soldered directly into the printed
circuit board. The 64-pin DIP, the
largest DIP in high-volume produc-
tion, is used to house VLSI’s VL2010
and VL2044 Multiplier/Accumulators.
DIP configurations with higher pin
counts tend to exhibit unacceptable
mechanical problems, such as
extremely high insertion and extrac-
tion forces.

DIPs are available, in even-pin-count
steps, in packages as low as two
pins. A variation of the DIP that has
gained some acceptance is the SIP,
or single in-line package. The SIP,
mounted lying on its edge, uses very
little printed circuit board space and
frequently contains a number of
memory die in high-density memory
applications. However, as desirable
as the SIP may seem, it is not the
major evolutionary path of the DIP.
The SIP allows little air circulation for
cooling, is hard to handle, and is not
generally accepted as a standard.
The DIP evolution lies in surface
mounting the device.

SMALL-OUTLINE

INTEGRATED CIRCUITS

The small-outline integrated circuit

(SOIC) is a descendant of the DIP.

Sometimes called the ““Swiss’’ out-
line integrated circuit in honor of its

country of origin, this package solves
many of the problems of the DIP,
while retaining many of its advan-
tages. The gull-wing lead rests on
top of the printed circuit board rather
than going through it. For most
types, its leads are exactly half the
length that the DIP’s are, and it
maintains the same basic rectan-
gular package aspect ratio of the
DIP. This, however, becomes a
disadvantage in high-pin-count
applications. For more than 28 pins,
many designers prefer the square
aspect of the plastic leaded chip
carrier (PLCC) to the SOIC. The
small package mass of the SOIC
does not allow the same thermal
dissipation that can be expected in
a standard DIP, which becomes a
minor problem as more chips are
made in the generally lower power
consuming CMOS process. Most
importantly, the SOIC consumes
only about 30% of the real estate
consumed by the standard DIP. It is
estimated that nearly 1.5 billion
SOIC units will be shipped in 1986.

CHIP CARRIERS

Chip carriers have been around for
several years in various forms, and
are just now coming into widespread
usage. Generally, the terminal
spacing of chip carriers is 1.27 mm
(50 mils), but several special types
have 1.0 mm (40 mil) spacing for use
by companies engaged in the pocket
pager business. Some variations are
available in 0.64 mm (25 mils) also.
The ceramic versions of chip carriers
have become very popular in military
applications for the same reason the
ceramic side-brazed DIP has: their
mechanical ruggedness. Frequently,
ceramic leadless chip carriers
(LCCs) are soldered in; others use
connectors, while still others have
their own leads and are inserted as
a leaded device. Due to the
dissimilar coefficient of expansion of
materials (package alumina and
printed circuit board fiberglass) and
the lack of pins on the leadless
versions to provide flexibility or
compliance, the ceramic leadless
chip carriers should be soldered to a
material that has the same thermal
expansion characteristics as they
have. This has become very popular
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in military applications where weight
and space are at a premium and,
generally, cost is not the primary
consideration.

The plastic leaded chip carrier
(PLCC) has very quickly become the
most popular of all the chip carriers.
The PLCC represented about 61%
of the chip carriers shipped in 1985
(approximately 400 million units).
Aithough there is debate on the
issue of board space consumption,
the PLCC and SOIC consume about
the same amount of board space in
the 24- to 28-pin configurations. In
lower pin count applications, the
SOIC seems to be more space-
effective; when over 24 pins or so,
the PLCC seems to have the edge in
most applications. In applications
over 28 pins, the PLCC is the surface-
mount package of choice. Its square
aspect ratio allows many chip
placements that the highly rectan-
gular package of the SOIC does not.
In addition, there are rectangular
PLCCs to accommodate such rec-
tangular die, such as memories.

CHIP-ON-BOARD MOUNTING

The ultimate in low-cost chip
mounting is achieved by the chip-on-
board (COB) technology, in which no
discrete package is actually
employed. The die is soldered onto a
copper pad on a printed circuit
board. Bonding wires connect the
die to smaller bonding pads around
the die. The die and wires are then
covered by a dollop of epoxy. This
technique, while inexpensive, is not

generally accepted in industrial or
business equipment. It has been
extensively employed in video game
cartridges, and seems to work quite
well there.

PIN GRID ARRAY

The pin grid array (PGA), or ‘‘bed of
nails,”” has only been around for ten
years, but had a usage of about

5 million in 1985, and its popularity
is growing rapidly. This major
package variation allows very high
pin counts in relatively small spaces
with excellent mechanical and
thermal characteristics. The 149-pin
V0L82C389 Message Passing Co-
processor (MPC) for Multibus® i
systems is a prime example of PGA

high-density trends. The major disad-

vantage of the PGA is its high cost.
Virtually all of the 5 million PGA
units shipped in 1985 were ceramic.
Plastic pin grid arrays are well along
in development, and will provide
reliable, inexpensive packaging for
the many high-pin-count ASIC,
memory, and other circuits coming
into wide usage.

FLATPACK

The flatpack holds less than 1% of
the IC package market. True to its
name, it is flat, small, and has flat
leads usually in the same plane as
the package body. It is generally
harder to handle and test than the
other package types, but provides a
surface mounting alternative to the
pin grid array in very-high-pin-count
appilications. it is usuaily surface

mounted, ‘‘socketed,’’ or suspended
through a cut-out hole in the printed
circuit board.

SYSTEM CONSIDERATIONS

In the extremely competitive com-
puter market that now exists, every
repetitive cost, no matter how small,
comes under close scrutiny. Drilling
a hole in a printed circuit board
costs about $0.001, a fairly small
armount until it is muitiplied by the
thousands of holes that frequently
cccur in each board. This becomes a
significant consideration at the
system level. Even though re-tooling
costs are high, many companies are
converting (some at least partially) to
surface-mounting equipment. Sur-
face mounting allows more chips in
a much smaller area, but not all
functions are yet available in
surface-mount packages. Some com-
panies have solved this problem by
designing both through-the-board
and surface-mount devices onto the
same board. Others continue to use
the older technology until they can
re-tool for 100% surface mount.

Application-specific integrated
circuits (ASICs) and their support
devices are requiring packages with
ever-increasing pin counts. The pin
count domain diagram graphically
depicts the typical domain of pin
counts for five basic package types.
While there is a good deal of overlap,
chip carriers and pin grid arrays will
become the package of choice in
future systems containing devices of
high pin count. Since the PGA device

PIN COUNT DOMAIN

PIN GRID ARRAY

T

FLAT PACK
CHIP CARRIER
< -
I‘ SOICI
H DiP >.l
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crrrrrrrrTrrrrrT T T T T T T T T T T T T T T T T i o
0 25 50 75 100 125 150 175 200
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®Multibus is a registered trademark of Intel Corporation.
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does not support surface-mount
technology, chip carriers or flatpack
technology will have to be imple-
mented as pin counts exceed 170
using surface-mount systems.

CONCLUSION

There will be no panacea package
that will exclude the use of all others
in the future. While there are several
criteria for the system designer,

Table 1 examines some of the
characteristics of packages that will
probably occupy the overwhelming
majority of printed circuit boards in
the future. Leadless chip carriers will
be especially popular in mititary and
harsh industrial applications. The
DIP, with many billions already in
use, will not disappear, but its
percentage of market will decrease
steadily. Pin grid arrays will remain

and increase in popularity as very
large devices become more popular
and plastic PGAs become readily
available. Surface mounting is
definitely a wave of the future for
many systems. SOIC packaging will
increase rapidly for devices of

28 terminals and under, while the
mid-range and higher terminal count
devices will be housed in PLCCs or
flatpacks.

THERMAL CONSIDERATIONS

The devices in this data book have
undergone thorough evaluation and
characterization to ensure their
operation over the specified temper-
ature ranges. While safety margins
are used for all parametric tests over
the temperature range, the designer
should not exceed the temperature
limits, even for extremely short
intervals. The following notes are
presented to ensure a reliable, long-
lived system using VLSI’s products:

. While few designs subject devices to extreme cold, such conditions may

cause the devices to operate outside of their normal specified ranges.
Therefore. the minimum operating temperature specification must be
observed as well as the maximum operating temperature.

. The ambient temperature (TA) specification refers to the air on the surface

of the device. The printed circuit board design should be open enough to
permit free air flow around the devices.

. Avoid layouts that place NMOS, HMOS, or CMOS devices near such heat

sources as power regulators and devices requiring heat sinks. If the design
demands such proximity, ensure that the specified temperature range is not

exceeded.

. Ensure that the power supply voltage is within the specified range. Both low

and high voltages beyond the specified limits may cause device

overheating.

TABLE 1. PACKAGE CHARACTERISTICS

JEDEC Leadless Chip Carriers DIP

Feature A B Cc Ceramic Plastic SOIC PLCC PGA
Uses Socket or Connector Yes Yes No Yes Yes No Yes Yes
Directly Solderable No No Yes Yes Yes Yes Yes Yes
Minimum Usual Terminal Count 14 14 14 6 6 8 16 40
Maximum Usual Terminal Count 156 156 156 64 64 28 156 225
Pin Spacing mm 1.27 1.27 1.27 25 25 1.27/1.0 1.27/1.0 25

(mils) (50) (50) (50) (100) (100) (50/40) (50/40) (100)
Relative Cost (1 = Most Costly) 3 4 5 2 8 7 6 1
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VLSI'S POPULAR 12 MHz CHIP SET
VL82CPCAT-QC (12 MHz 0/1 WS) SEE SCHEMATIC, PAGE 7-9
VL82C100-QC VL82C101B-QC VL82C102A-QC
VL82C103A-QC VL82C104-QC
FEATUﬁES

100% PC/AT-Compatible

« 1ws/120 ns DRAM, 0 ws/80 ns
DRAM

+ 8 MHz Backplane with External Clock

Modulation PAL

VLSI'S FASTER 16 MHz CHIP SET
VL82CPCAT-16QC (16 MHz, 0/1 WS) SEE SCHEMATIC, PAGE 7-27 , 386SX/387SX INTERFACE, PAGE 7-3

VL82C100-QC

VL82C201-16QC

VL82C202-16QC

VL82C203-16QC

VL82C204-16QC

FEATURES
» 100% PC/AT-Compatibie

* 1 ws/80 ns DRAM, 0 ws/60 ns DRAM

+ Shadow RAM Feature
* 8 MHz Backplane I/O Operation
+ On-board EMS 4.0 Memory

33
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VLSI'S FASTER ENHANCED 16 MHz CHIP SET

VL82CPCPM-16QC (16 MHz, PAGE-MODE) SEE 3865X/387SX INTERFACE, PAGE 7-3

VL82C100-QC VL82C201-16QC VL82C202-16QC
VL82C203-16QC VL82C204-16QC VL82C205-16QC
FEATURES
» 100% PC/AT-Compatible

» Page-mode 0.6 ws with 100 ns
DRAM

« Shadow RAM Feature
+ 8 MHz Backplane I/0 Operation
+ On-board EMS 4.0 Memory

VLSI'S HIGH-SPEED 20 MHz CHIP SET

VL82CPCAT-20QC (20 MHz, 0/1 WS) SEE 386SX/387SX INTERFACE, PAGE 7-3

VL82C100-20QC VL82C201-20QC VL82C202-20QC
VL82C203-20QC VL82C204-20QC
FEATURES
» 100% PC/AT-Compatible
» 1 ws/80 ns DRAM

« Shadow RAM Feature
» 10 MHz Backplane 1/O Operation
+ On-board EMS 4.0 Operation
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VLSI'S HIGH-SPEED ENHANCED 20 MHz CHIP SET
VL82CPCPM-20QC (20 MHz, PAGE-MODE) SEE 3865X/387SX INTERFACE, PAGE 7-3

VL82C100-20QC VL82C201-20QC VL82C202-20QC

VL82C203-20QC VL82C204-20QC VL82C205-20QC

FEATURES
» 100% PC/AT-Compatible

« 0.6 ws/80 ns DRAM

» Shadow RAM Feature

+ 10 MHz Backpiane i/O Operation
+ On-board EMS 4.0 Operation

VLSI'S HIGH-INTEGRATION PC/AT-COMPATIBLE DEVICES

COMBO
(RTC, KEYBOARD CONTROLLER,
DUAL UART, CENTRONICS, IDE

INTERFACE) PAGE 6-89 UART PAGE 6-3 UART/CENTRONICS PAGE 6-23
VL82C106-QC VL16C450-QC VL16C451-QC
PAGE 6-63 PAGE 6-43
VL16C550-QC VL16C452-QC
PAGE 6-85

VL16C552-QC

Note: In addition to the commercial (QC) temperature range, TA = 0°C to +70°C, the 16 MHz and 20 MHz PCAT-compatible
chip sets are also available in the industrial (Ql) temperature range of TA = —-40°C to +85°C.
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VL82C100

FEATURES

+ Fully compatible with IBM PC/AT-type
designs

= Replaces 19 logic devices
» Supports up to 20 MHz system clock

» Device is available as “cores” for
user-specific designs

» Seven DMA channels

ta

* 14 external interrupt reque
« Three timer/counter channels

+ Designed in CMOS for low power
consumption

PC/AT-COMPATIBLE PERIPHERAL CONTROLLER

DESCRIPTION

The VL82C100 PC/AT-Compatible
Peripheral Controller replaces two
82C37A Direct Memory Access
Controllers, two 82C59A Interrupt
Controllers, an 82C54 Programmable
Counter, a 74LS612 AT Memory
Mapper, two 74ALS573 Octal Three-
State Latches, a 74ALS138 3-t0-8
Decoder, and five other less-complex
integrated circuits. Using this internal
functionality, the VL82C100 provides all
24 address bits for 16M bits of DMA
address space. | also interfaces
directly to the CPU to handle all

interrupts. Timing for refresh cycles,
and arbitration, between refresh and
DMA hold requests, are also controlled
by the VL82C100.

The device is manufactured with VLSI's
advanced high-performance CMOS
process and is available in JEDEC-
standard 84-pin plastic leaded chip
carrier (PLCC) package. The

VL82C100 is part of the PC/AT-compat-
ible chip sets available from VLSI.
Please refer to the Selector Guide in the
front of this manual.

BLOCKDIAGRAM
SELECT
—MASTER —p} DECODES [—
HLDA ———} INT » INT
7y ' EOP
L e 2 |xor 8594 — e
s il / ,
A0 XIOW 5X - 8237A | »AENT
4 | [XDO-xD7 INTERRUPT
Rat ¢ —| CONTROLLER 1 @—2X20XD7 ) DMA G ENABLE
IRQ3-IRQ7 > CONTROLLER 1 GATE | xag-xats
DRQO- > P sszs [
DRQ3
== $-DACKO-
—INTA N ;23-:217 5 " -DACK3
£2 Jlxion B59A [ 1
xoo)-()?g7 XI?N“’IFERRUPT 5 £OP
< > A+ »  s237a ALS573
IRGe- < CONTROLLER 2 FTYETY) | ) |
IRQ15 - ¢ X00XD7 o GATE | XAo-xat6
DRQS5- DMA C ENABLE
DRQ7 CONTROLLER 2 ] > —AEN2
MHZ119 8254 » OUT2
2
/ XIOR
_ “XAO-XA1 o |XIOW 2 xae
Xiom, XDO-XD7 COUNTER  |OUT! o5 > xiow _DACK
—XMEMR, < ’ TIMER B MemoRY > aekr
-XMEMW, Xy R Aok
SYSCLK P A17-A23
XAO-XAS 4—;1%’ Lss12
ya
XD0-XD7 @ > XAIGXATE
READY HLDA s
RESET DMAREADY HOLD > CPUHRQ
IOCHRDY CONTROL ouTt ARBITER
—r——u-nemssn‘
ORDER INFORMATION
Clock
Part Number Freq. Package
VL82C100-QC . . .
VL82C100-Ql 12/16 MHz Plastic Leaded Chip Carrier (PLCC)
Note: Operating temperature range:
VL82C100-20QC . . . QC = 0°C to +70°C
VL82C100-20Q1 20 MHz Plastic Leaded Chip Carrier (PLCC) Ql = —40°C to +85°C
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VL82C100
PIN DIAGRAM
IRQ 6 —A1EN _INTA —D.l7\CK —DgCK —DgCK —DQCK IF;Q |$10 ||1=sz
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IRQ4 O 12 ‘ 74 P IRQ15
IRQ3 O 13 73 P IOCHRDY
IRQ1 O 14 72 B A7
DRQ7 O 15 71 B A18
DRQ6 O 16 70 E Ai9
DRQs O§ 17 69 1 A20
DRQ3 O 18 VvL82C100 68 0 A2
DRQ2 O 19 67 1 VSS
DRQ1 4 20 66 P A22
DRQO O 21 TOP VIEW 65 1 A23
vss O 22 64 B XA16
SYsCLK O 23 63 P XAts
RESET O 24 62 P XA14
-REFRESH O 25 61 P XA13
vss O 26 60 P XA12
XD7 O 27 50 @ vss
XDe O 28 58 P XA11
XD5 O 29 57 1 XA10
XD4 O 30 56 1 XA9
XD3 O 31 55 0 XA8
XD2 O 32 54 1 XA7
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

SYSCLK 23 | System Clock Input - This pin is divided by two internally to generate
DMACLK for the 8237 DMA controllers. It is also used in the hold request
arbiter. SYSCLK can be driven at a frequency of up to 20 MHz.

RESET 24 | Reset - An active high input used to clear the DMA controller megacells
and hold request arbiter.

XD0-XD7 34-27 0] Peripheral Data Bus Bits 0-7 - These lines are three-state bidirectional
signals connected to the peripheral data bus. (X data bus in PC/AT-type
designs.)

XA0-XA9 47-56 e} Peripheral Address Bus Bits 0-9 - The ten least significant address bits on
the XA bus are bidirectional. They are outputs during DMA cycles and are
inputs all other times. As inputs they are used to generate chip selects for
the megacells and address internal registers within each megacell.

XA10, XA11 57,58 0] Peripheral Address Bus Bits 10-16 - The seven most significant address

XA12-XA16 60-64 bits on the XA bus are three-state outputs only. They actively drive the XA
bus during DMA cycles.

A17-A21 72-68 O CPU Address Bus Rits 17-23 - These address bits are connected to the

A22, A23 66, 65 CPU’s address bus and are driven from the LS612 memory mapper any
time CPUHLDA is active (high) and -MASTER is inactive (high). They are
in a three-state condition during all other times.

-XIOW 37 e /O Write — This is a bidirectional active low three-state line. | is an output
during a DMA cycle and will be an input at all other times.

-XIOR 38 e} VO Read - This is a bidirectional active low three-state line. It is an output
during a DMA cycle and will be an input at all other times.

—XMEMW 36 llo} Memory Write - This is a bidirectional active low three-state line. It is an
output during a DMA cycle and will be an input at all other times. In the
input mode —~XMEMW is used to enable the hold request arbiter after an
interrupt acknowledge cycle.

-XMEMR 35 0] Memory Read - This is a three-state output which will be active during a
DMA cycle.

IRQ1, IRQ3-IRQ7 14, 13-9, I Interrupt Request Bits 1, 3-7, 8-15 - These are asynchronous inputs and

IRQ8-IRQ15 81-74 are the interrupt request inputs to the 8259 megacells. IRQ2 and IRQO are
not available as inputs to the chip. IRQ2 is used to cascade the two 8259's
together and IRQO is connected to the output of the 8254 counter 0.

INTR 46 o interrupt Request - INTR is an output used to interrupt the CPU and is
generated whenever a valid IRQ is received.

—INTA 6 | Interrupt Acknowledge - This input is used to enable the 8259 interrupt
controllers to vector data onto the data bus by a sequence of interrupt
acknowledge pulses issued by the CPU.

DRQO-DRQ3 21-18 i DMA Request Bits 0-3, 5-7 - These input signals are the individual

DRQs5-DRQ7 17-15 asynchronous requests for DMA service connected to the 8237 megacells.

~DACKO0- -DACK3 1, 83, 84, 82,
-DACKS- -DACK7 2-4

@)

DRQO through DRQ3 support transfers from 8 bit /0O adapters to/from 8 or
18 bit system memory. DRQ5 through DRQ7 support transfers from 16 bit
/O adapters toffrom 16 bit system memory. DRQ4 is not available as it is
used to cascade the two DMA controllers together.

DMA Acknowledge Bits 0-3, 5-7 - These output signals are the
acknowledge signals for the corresponding DMA requests. The active
poiarity of these lines is programmable and is set to active low on reset.
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SIGNAL DESCRIPTIONS (Cont.)

Signal Pin Signal Signal

Name Number Type Description

CPUHRQ 40 O CPU Hold Request - This output is the hold request to the CPU and is used
to request control of the system bus. It can be issued by a request from
the DMA controllers or the timer when it is time for a refresh cycle.

CPUHLDA 44 1 CPU Hold Acknowledge - This input from the CPU indicates that it is
acknowledging the hold request and is no longer driving the system bus. It
indicates that the VL82C100 can now drive the address and control buses.

—AEN1 8 0] Address Enable 1 - This active low signal indicates when DMA Controller 1
is enabling addresses onto the peripheral address bus for a DMA transfer.

—-AEN2 7 (0] Address Enable 2 - This active low signal indicates when DMA Controller 2
i enabling addresses onto the peripheral address bus for a DMA transfer.

T/C 39 0] Terminal Count - Indicates one of the DMA channels terminal count has
been reached.

-MASTER 45 | Master - An external device will pull this input low to disable the DMA
controllers and get access to the system bus. It indicates an /O channel
controls the system buses.

IOCHRDY 73 1 I/O Channel Ready - An input used to extend the memory read and write
pulses from the 8237 to accommodate slow devices.

MHZ119 41 | This is the 1.19 MHz clock input for the 8254 counter.

ouT2 42 o Out 2 - The output of counter 2 in the 8254 megacell.

—REFRESH 25 o Refresh - This O signal will be pulled low by the VL82C100 whenever the
8254 counter 1 issues a CPUHRQ to the CPU and a hold acknowledge is
received from the CPU. It is used internally to select a location in the
memory mapper which drives the upper address bus A17-A23.
—REFRESH can also be used as an input if the refresh timing is to come
from a source other than the 8254 channel 1 counter. -REFRESH is an
open drain output capable of sinking 20 mA and requires an external pull-
up resistor.

VDD 5,43 System Power: 5V

VSS 22, 26, 59, 67 System Ground

FUNCTIONAL DESCRIPTION
The VL82C100 Peripheral Controller
integrates two 8237 DMA controllers,
two 8259 interrupt controllers, one 8254
counterftimer and a 74L.S612 equivalent
along with support logic onto a single
chip. The peripheral controller will
replace all the logic on the X bus of an
AT-compatible design except the
keyboard controller and real time clock.

The VL82C100 is broken up into five
major subsections. The megacell chip
select subsection consists of decodes
of the signals —-MASTER, CPUHLDA,
and the address bus XA0-XA9. This
decode is used to generate the chip
select signals to each of the megacells
within the VL82C100.

The DMA subsection consists of two
8237 megacells, two 8 bit latches to
hold the middle range address bits
during a DMA cycle and a 74LS612
equivalent megacell to generate the
upper range address bits during a DMA
operation. The DMA subsection also
has logic to force all DMA cycles to
have one wait state inserted and some
logic to delay the leading edge of the
—XMEMR signal for one DMA clock
cycle. These groups of logic are used
to maintain AT-compatibility. The DMA
subsection provides a total of seven
external DMA channels. Four of these
channels are used for 8 bit IO adapters
and the other three are used for 16 bit

1/O adapters. All channels are capable
of addressing all memory locations in a
16 megabyte address space.

The interrupt controller subsection
consists of two 8259 megacells
cascaded together to allow for 15
possible interrupt sources. One of
these interrupt request lines is used
internally, so there are a total of 14
possible external interrupts.

The counter/timer subsection contains a
single 8254 megacell. This megacell
has three internal counters. All of the
counters run off a common clock input.
The output of Counter 0 is routed to the
interrupt controller subsection to be
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TABLE 1. ADDRESS DECODE FOR CHIP SELECTS

Address| Chip Select

XA9 XA8 XA7 XA6 XA5 XA4 XA3 XA2 XA1 XAO0 | Range Generated

0 0 0 0 0 X X X X X 000-01F | DMA Controller 1 (8237)

0 ] 0 0 1 X X X X X 020-03F | Int. Controller 2 (8259)

0 0 0 1 0 X X X X X 040-05F | Counter/Timer (8254)

0 0 0 1 1 0 X X X 1 061 Port B (TMGAT2)

0 0 1 ] 0 X X X X X 080-09F | DMA Page Reg. (74LS612)

e 0 1 0 i X X X X X OAC-OBF| Int. Controller 2 (8259)

0 0 1 1 0 X X X X X 0CO-ODF| DMA Controller 2 (8237)
used as interrupt request 0. The output DMA SUBSECTION transfer data between 16 bit I/O

from Ceunter 1 is routed tc the hold
request arbiter to initiate refresh cycles.
Counter 2’s output is available as an
external pin. The counterftimer
subsection alse contains a flip-flop
which can be written to with an —-XIOW
command to control the gate input to
Counter 2.

The hold request arbiter and refresh
subsection is used to arbitrate between
a possible hold request from the DMA
subsection or Counter 2 of the counter/
timer subsection. This block of logic
also controls the ~-REFRESH output
signal.

MEGACELL CHIP SELECTS
Address bits XA0-XA9 are used to
generate chip selects for each of the
individual megacells. A map of the
address decode is shown in Table 1.

For all the address decodes shown the
chip selects are disabled if both
CPUHLDA and -MASTER are high.

The address decode at address 061
hex goes to a single flip-flop used to
clock in the value of TMGATZ2 in an AT-
compatible design. This flip-flop will
clock in the value on XDO on the rising
edge of —XIOW whenever that address
decode is valid. The output of the flip-
flop is used to gate counter 2 in the
8254 megacell on and off. This is the
only bit of Port B in the VL82C100 and it
cannot be read externally. The entire
Port B is located in the Memory
Controller Device of the chip set. Bit 0
is duplicated in the V1.82C100 only to
save an input pin.

The DMA subsection controis DMA
transfers between an I/O channel and
on-board or off-board memory. It
generates a hold request to the CPU
when an I/O channel requests a DMA
operation. Once the hold has been
acknowledged the DMA controller will
drive all 24 address bits for a total
addressing capability of 24 megabytes,
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 the
function of a 74L.5612 memory mapper
is provided to generate the upper
address bits.

DMA CONTROLLERS

The VL82C100 supports seven DMA
channels using two 8237 equivalent
megacells capable of running at a 10
MHz DMA clock (20 MHz SYSCLK)
rate. DMA Controller 1 contains
channels 0 through 3. These channels
support 8 bit /O adapters. Channels 0
through 3 are used to transfer data
between 8 bit peripherals and 8 or 16
bit memory. A full 24 bit address is
output for each channel so they can all
transfer data throughout the entire 16
megabyte system address space. 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 IO adapters to

adapters and 16 bit system memory. A
full 24 bit address is output for each
channel so they can all transfer data
throughout the entire 16 megabyte
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 single bytes in system memory.

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 megacells. Ad-
dresses under DMA 2 are for the 16 bit
DMA channels and DMA 1 corresponds
to the 8 bit channels. When writing to a
channei's address or word count
register the data is written into both the
base register and current register
simultaneously. 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 byte 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
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FIGURE 1. DMA SUBSECTION
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4-8



® VLSI TECHNOLOGY, INC.

VL82C100

TABLE 2. DMA CONTROLLER REGISTERS ADDRESSES

Hex Address

DMA2 DMA1 Register Function
0Co 000 Channel 0 Base and Current Address Register
0Cc2 001 Channel 0 Base and Current Word Count Register
0C4 002 Channel 1 Base and Current Address Register
0Cs 003 Channel 1 Base and Current Word Count Register
0C8 004 Channel 2 Base and Current Address Register
0CA 005 Channel 2 Base and Current Word Count Register
0CC 006 Channel 3 Base and Current Address Register
OCE 007 Channel 3 Base and Current Word Count Register
oDo 008 Read Status Register/Write Command Register
oD2 009 Wirite Request Register
0D4 00A Write Single Mask Register Bit
oDé 00B Write Mode Register
oD8 0oC Clear Byte Pointer Flip-Flop
ODA ooD Read Temporary Register/Write Master Clear
oDC 0OE Clear Mask Register
ODE 0OF Write All Mask Register Bits

register will read/write to the high byte
of the 18 bit register and the byte
pointer flip-flop will toggle back to a
zeto. Refer to the 8237 data sheet for
more information on programming the
8237 megacell.

The 8237 DMA controller megacelis
allow the user to program the active
level {low or high) of the DRQ and
—-DACK signals. Since the two meg-
acells are cascaded together internally
on the chip, these signals should
always be programmed with the DRQ
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 channeis are not used.

MIDDLE ADDRESS BIT LATCHES
The middle address bits of the 24 bit
address range are held in two sets of 8
bit registers, one register for each DMA
controller. The DMA controller will drive
the value to be loaded onto the data
bus and then issue an address strobe
signal to latch the data bus value into
these registers. 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. These
registers cannot be written to or read
externally. They are loaded only from
the address strobe signals from the
megacells and the outputs go only to
the XA8-XA16 pins.

PAGE REGISTERS

The equivalent of a 74L.S612 is used in
the VL82C100 to generate the page
registers for each DMA channel. The
page registers provide the upper
address bits during a DMA cycle. DMA
addresses do not 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, 8, and 7)
are every 128 kilobytes. There are a
total of 16 eight bit registers in the
74L5612 megacell. The page registers
are in the I/O address space as shown.

Page Register Hex /O Address

DMA channel 0 087
DMA channel 1 083
DMA channel 2 081
DMA channel 3 082
DMA channel 5 08B
DMA channel 6 089
DMA channel 7 08A
Refresh 08F

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 080 and 08F that are not
shown, are not used by the DMA
channels but can be read or written to
by the CPU. Address 08F is used to
drive a value onto the upper address
bits A17-A23 of the CPU’s address bus
during a refresh cycle.

ADDRESS GENERATION

The DMA addresses are setup such
that there is an upper address portion,
used to seiect a specific page, a middie
address portion, used to select a block
within the page, and a lower address
portion.

The upper address portion is generated
by the page registers, in the 74LS612
equivalent megacell. The page
registers for each channel must be
setup by the CPU before a DMA
operation. DMA addresses do not
increment or decrement across page
boundaries. Page sizes are 64 kilo-
bytes for 8 bit channels (channels 0
through 3) and 128 kilobytes for 16 bit
channels (channels 5, 6, and 7). The
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TABLE 3. ADDRESS SOURCE GENERATION
Outputs from 74LS612 Page Registers DMA page register values are output on

; A17-A23 and XA16 for 8 bit channels,
Outputs from Middle Address Latches and A17-A23 for 16 bit channels.
Address Outputs from 8237 The middle address portion, used to
8 Bit DMA Ad Bit select a block within the page, is
! dress Bits generated by the 8237 megacells at the
16 Bit DMA Address Bits beginning of a DMA operation and any
time the DMA address increments or
M7 A23 A23 decrements through a block boundary.
M6 A22 A22 Block sizes are 256 bytes for 8 bit
channels (channels 0 through 3) and
M5 A21 A21 512 bytes for 16 bit channels (channels
5, 6, and 7). This middle address
M4 A20 A20 portion is output by the 8237 megacells
M3 A19 A19 onto the data bus during state S1. The
internal middle address bit latches will
M2 A18 | A18 latch in this value. The middle address
bit latches are output on XA8-XA15 for
M A7 A7 8 bit channels, and XA9-XA16 for 16 bit
Mo XA16 channels.
D7 XA15 | XA16 The lower address portion is generated
directly by the 8237 megacells during
D6 XA14 | XA15 DMA operations. The lower address
bits are output on XA0-XA7 for 8 bit
DS XA13 | XA14 channels, and XA1-XA8 for 16 bit chan-
D4 XA12 | XA13 nels. XAO is forced low during 16 bit
DMA operations.
bs XAT1| XAt2 Table 3 is shown to illustrate the source
D2 XA10| XA11 for all address bits during both 8 and 16
bit transfers.
D1 XA9 XA10
READY CONTROL
Do XA8 | XA9 The ready input to each of the 8237
megacells is driven from the same
A7 XA7 XA8 source within the ready control logic.
A6 XA6 XA7 To maintain an AT-compatible design,
the VL82C100 ready control logic forces
A5 XA5 | XA6 one wait state on every DMA transfer.
A4 XA4 XAS5 The external signal IQCHRDY goes into
the ready contro! logic to extend
A3 XA3 XA4 transfer cycles to longer than one wait
state if needed. To add extra wait
A2 XA2 XA3 states, an external device should pull
Al XA1 XA2 IOCHRDY low within the setup time
before the second phase of the internal
A0 XA0 XA1 DMA clock during the forced wait state.
The current DMA cycle will then be
VSS XA0 extended by inserting wait states until

IOCHRDY is returned high. IOCHRDY
going high must meet the setup time
before the second phase of a wait state
cycle or an extra wait state will be
inserted before the DMA controller
transitions to state S4 (see timing
diagrams).
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XMEMR DELAY

To maintain an AT-compatible design,
the VL82C100 inserts a DMA clock
cycle delay in the falling edge of the
—-XMEMR signal. ~XMEMR will go low
one DMA clock (two SYSCLK’s) later
than the —-MEMR signal coming out of
the 8237 megacell. The rising edge is
not altered and will go high at the same
time the -MEMR signal from the
megacell goes high.

EXTERNAL CASCADING

An external DMA controller or bus
master can be attached to an AT-
compatible design through the
VL82C100’s DMA controllers. To add
an external DMA controller, one of the
seven available DMA channels must be
programmed in cascade mode. That
channel's DRQ signal should then be
connected to the external DMA
centroller's HRQ output. The corre-
sponding —-DACK signal for that channel
should be connected to the external

DMA controller's HLDA input. When
one of the VL82C100’s seven channels
is programmed in cascade mode and
that channel is acknowledged the
VL82C100 will not drive the data bus,
the command signals, or the XA
address bus. However, the upper
address bits A17-A23 will be driven with
the value programmed into the page
register for the channel programmed in
cascade mode.

An external device can become a bus
master and control the system address,
data, and command buses in much the
same manner. One of the DMA chan-
nels must be programmed in cascade
mode. The external device then asserts
the DRQ! line for that channel. When
that channei's -DACK iine goes active,
the external device can then pull the
—MASTER signal low to force the
system buses to a high impedance
state. As in the DMA controller cascad-
ing, the VL82C100 will not drive the X

buses while the cascaded channels
—DACK signal is active. Also, the
VL82C100 will force the upper address
bits A17-A23 to a high impedance state
while -MASTER is held low.

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 twc meg-
acells are cascaded internally on the
VL82C100 and one of the interrupt
request inputs is internally connected to
an output of the 8254 counterftimer
megacell. This allows a total of 14
external interrupt requests.

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

FIGURE 2. INTERRUPT CONTROLLER SUBSECTION
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sp/EN —J VDD
-XIOR $ -RD
-XIOW » -WR  INTERRUPT
XAO $| A0 CONTROLLER 1
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IRQ1 —p{ -INTA cAS2|
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TABLE 4. WRITE OPERATIONS

Hex Address
INT1 INT2 XD4 XD3 Register Function
020 0AO 1 X Write ICW1
021 0A1 X X Write ICW2
021 0A1 X X Wirite ICW3
021 0A1 X X Write ICW4 (If Needed)
021 0A1 X X Write OCW1
020 0AO 0 0 Write OCW?2
020 0AO 0 1 Write OCW3

TABLE 5. READ OPERATIONS

Hex Address
INT1 INT2 Register Function

020 0A0 Interrupt Request Reg., In-Service Reg., or Poll Command
021 0A1 Interrupt Mask Register

cascading priority is resolved to deter-
mine which of the two 8259 megacells
will output the interrupt vector onto the
data bus. On the second —INTA cycle
the appropriate 8259 megacsll will drive
the data bus with the correct interrupt
vector for the highest priority interrupt.

Because the two megacells are cas-
caded internally on the VL82C100, they

should never be programmed to
operate in the buffered mode.

INTERRUPT CONTROLLER
INTERNAL REGISTERS

The internal registers of the 8259
megacells are written to in the same
way as in the standard part. Table 4
shows the correct addressing for each
of the 8259 registers.

Before normal operation can begin,
each 8259 megacell must follow an ini-
tialization sequence. The sequence is
started by writing Initialization Com-
mand Word 1 (ICW1). After ICW1 has
been written the 8259 megacell expects
the next writes to follow in the sequence
ICW2, ICWS3, and ICWA4 if it is needed.
The Operation Control Words (OCW)
can be written at any time after initiali-
zation.

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. Referto the 8259 data sheet
for more information on programming
the 8259 megacell.

When reading at address 020 or 0AO
hex, the register read will depend on
how Operation Control Word 3 was
setup prior to the read.

TIMER/COUNTER SUBSECTION

The timer subsection consists of one
8254 counterftimer megacell configured
as shown in the diagram. The clocks
for each of the three internal counters
are tied to the single input pin MHZ119.
The gate inputs of Counters 0 and 1 are
tied high to enable those Counters at all
times. The gate input of Gounter 2 is
tied to the output of a flip-flop inside the

FIGURE 3. TIMER/COUNTER SUBSECTION
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TABLE 6. TIMER/COUNTER REGISTERS

Hex Address | —XIOR | -XIOW | Register Function
040 1 0 Write Initial Count to Counter 0
040 0 1 Read Latched Count or Status from Counter 0
041 1 0 Write Initial Count to Counter 1
041 0 1 Read Latched Count or Status from Counter 1
042 1 0 Write Initial Count to Counter 2
042 0 1 Read Latched Count or Status from Counter 2
043 1 0 Write Control Word
043 0 1 No Operation

VL82C100. This flip-flop will clock in
the value on XDO during an I/O write to
Port B. The output of the flip-flop is
used to gate Counter 2 in the 8254
megacell on and off.

Only one of the 8254 megacell counter
outputs is directly available at an
external pin. Counter 0’s output is
connected to the IRQO input of interrupt
controller 1. Counter 1’s output goes to
the hold request arbiter and refresh
subsection to initiate a refresh cycle.
Finally, Counter 2’s output goes directly
to the output pin OUT2,

TIMER/COUNTER INTERNAL
REGISTERS

The internal registers of the 8254
counterftimer megacell are written to in
the same way as in the standard part.
Table 6 shows the correct addressing
for each of the 8254 registers.

The write control word at address 043
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.

HOLD REQUEST ARBITER AND
REFRESH SUBSECTION

The hold request arbiter and refresh
subsection is used 1o select between
the two possible sources for a hold
request to the CPU. A hold request can
be generated when DMA Controller 2

issues a hold request or when the
output of counter 1 in the 8254 meg-
acell makes a low to high transition. To
provide equal weight to these two
possible sources for a hold request, the
hold request from the DMA controller is
sampled on the rising edge of the
internal DMA clock and the request
from the counter#imer is sampled on-
the falling edge of the internal DMA
clock. The request which is clocked in
first will be granted by the arbiter and
the other request inhibited until the first
request is finished.

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
CPUHRAQ 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 CPUHRQ signal and
return control back to the CPU.

In the case of the DMA controller's hold
request winning in the arbiter, the
arbiter will assert the CPUHRQ output
and wait for a CPUHLDA signal back
from the CPU. The assertion of
CPUHLDA will cause a hold acknowl-
edge to be sent to the DMA controller.
When the DMA controller is finished it
will negate its hold request signal to the
arbiter. Tha arbiter will then switch to a
—REFRESH cycle, if a hold request is

pending from the 8254 counterftimer, or
negate the CPUHRQ line and return
control to the CPU.

In the case of a refresh cycle winning
the arbitration, the CPUHRQ output will
be asserted and the arbiter subsection
will wait for a CPUHLDA signal back
from the CPU. The assertion of
CPUHLDA will cause the VL82C100 to
pull the -REFRESH pin low.
—REFRESH will remain low for four
SYSCLK rising edges. On the fourth
rising edge of SYSCLK the -REFRESH
pin will go to a high impedance state
enabling it to be pulled up by an
external resistor, and the CPUHRQ
signal will be negated. If the hold
request arbiter has a hold request from
the DMA controller pending on the
fourth rising edge of SYSCLK, the
—REFRESH cycle is extended for one
more SYSCLK cycle (see waveforms).
The hald request arbiter will then
acknowledge the hold reguest of the
DMA controller.

Refresh cycles can be extended by an
external source by forcing the
IOCHRDY input low a setup time before
the third rising edge of SYSCLK.
—REFRESH will remain low unti
IOCHRDY is returned high.

The pin —-REFRESH is a bidirectionai
open drain /O pin and requires an
external pull-up. It can also be used as
an input if a refresh cycle is to be
initiated from an external source.
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AC CHARACTERISTICS: TA=QC: 0°Cto +70°C, Ql: —40°C to +85°C, VDD =5V 5%, VSS =0V
READ/WRITE MODE TIMING
12/16 MHz 20 MHz

Symbol Parameter Min Max Min Max Unit Condition
tPW1 ~XIOR or =XIOW Pulse Width Low 180 150 ns

XA Address Valid to —XIOR or -XIOW
tSU2 Low Setup Time 30 25 ns

XA Address from —XIOR or —XIOW
H3 High Hold Time 15 15 ns
tD4 XD Data Valid Delay from —=XIOR Low 120 110 ns
tD5 XD Data Float Delay from —XIOR High 0 80 0 75 ns

XD Data Valid to —XIOW High
tSUe6 Setup Time 110 100 ns

XD Data Valid from —XIOW High
tH7 Hold Time 15 15 ns
tPW8 RESET Pulse Width High 250 250 ns

RESET Inactive to first —XIOR or
9 —XIOW Command 4 4 TCY

Command Recovery Time Between
D10 Successive -XIOR or —=XIOW Pulses 250 200 ns
READ TIMING WAVEFORM
_XIOR \< tPW1 P /

\_ y
tSU2 —p» 4—tH3
XA BUS
€— D4 —>l/ @— 1D5 ADJ
XD BUS ‘\ /|
WRITE TIMING WAVEFORM
_XIOW tPWA1 P /
7
tSu2 §— tH3
XA BUS
tSUs6 > 4—tH7

XD BUS
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COMMAND AND RESET TIMING WAVEFORM
tPW8
RESET
t9 ->|<-— tPW1 — il 110 —pld— tPW1 —}
—XIOR,
—XIOW
INTERRUPT MODE TIMING
12/16 MHz 20 MHz

Symbol Parameter Min Max Min Max Unit Condition
tPW11 Interrupt Request Pulse Width Low 90 90 ns
tD12 Interrupt Output Delay 130 130 ns
tPW13 —~INTA Pulse Width Low 180 180 ns.

End of —~INTA Pulse to next —-INTA
t14 Pulse 180 180 ns
tD15 XD Data Valid Delay from —INTA Low 120 110 ns
tD186 XD Data Float Delay from —INTA High 0 50 0 45 ns
INTERRUPT TIMING WAVEFORM

IRQ3-IRQ15,
IRQ1

iNTR / I

AN

NOTE 1

’4—1PW13—D'4’:14 »le—trwiz—p
~INTA NS

NOTE 2
4—-»‘ < 1D16 ->’
tD15
XD0o-XD7

Notes: 1. IRQ must remain active until first -INTA pulse.
2. Cascade priority is resolved on this —INTA cycle.
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TIMER/COUNTER TIMING
12/16 MHz 20 MHz

Symbol Parameter Min Max Min Max Unit Condition
tPW11 MHZ119 Clock Pulse Width High 55 55 ns
tPW18 MHZ119 Clock Pulse Width Low 55 55 ns
119 MHZ119 Clock Cycle Time 180 180 ns
120 MHZ119 Clock Rise/Fall Time 20 20 ns

OUT2 Valid from —XIOW High Delay
tD21 Time when writing to Counter 2 Mode 100 100 ns

Register or TMGATE2 in Port B

OUT2 Valid from MHZ119 Low
tD22 Delay Time 100 100 ns
TIMER/COUNTER TIMING WAVEFORM
-XIOW \ —l

tPW17 tPW18 —pleg t19
MHZ119 9
i 120 —> 120
¢— tD21 —4p D22

ouT2
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DMA MODE TIMING
12/16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tSU23 DRQ to SYSCLK High Setup Time 0 0 ns Note 1
tD24 CPUHRQ Valid from SYSCLK High 70 70 ns
Delay Time
tSU25 CPUHLDA to SYSCLK High Setup Timej 25 25 ns
—AENT1 Valid from SYSCLK High
tD26 Delay Time 80 80 ns
—DACK Valid from SYSCLK High
tD27 Delay Time 100 100 ns
XD Bus Valid from SYSCLK High
tD28 Delay Time 110 110 ns
A17-A23 Float from CPUHLDA High
tD30 Delay Time 1 40 1 40 ns
Upper Address Bits Valid from SYSCLK
tD31 High Delay Time 130 115 ns Note 2
A17-A23 Float from CPUHLDA Low
tD32 Delay Time 1 25 1 25 ns
Middle Address Bits Valid from
tD33 SYSCLK High Delay Time 125 15 1 ns | Note3
Lower Address Bits Valid from
tD34 SYSCLK High Delay Time % % | ns j Noted
XA Address Bus Float from SYSCLK .
tD35 High Delay Time 1 70 1 70 ns 8 Bit Cycles Only
—READ and -WRITE Active from
1D36 SYSCLK High Delay Time 85 80 | ns
—READ and -WRITE Valid from
1037 SYSCLK High Delay Time 90 8 | ns
—-READ and -WRITE Float from .
tD38 SYSCLK High Delay Time 1 70 1 70 ns 8 Bit Cycles Only
T/C Valid from SYSCLK High .
tD39 Delay Time 90 85 ns 8 Bit Cycles Only

Notes: 1. The DRQ signals are asynchronous inputs. Setup times are shown 1o assure recognition at a specific clock edge for
testing.

Upper address bits are defined as A17-A23 for 16 bit DMA cycles, and A17-A23 plus XA16 for 8 bit DMA cycles.
Middle address bits are defined as XA9-XA16 for 16 bit DMA cycles and XA8-XA15 for 8 bit DMA cycles.
Lower address bits are defined as XA0-XAS8 for 16 bit DMA cycles and XA0-XA7 for 8 bit DMA cycles.
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DMA MODE TIMING (Cont.)
12/16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tH40 XA Address from —READ or -WRITE 2TCY 2TCY TCY = SYSCLK Cycle
High Hold Time -50 -50 ns Time
—AEN2 Low from SYSCLK High
tD41 Delay Time 80 80 ns
tD42 —AEN2 High From SYSCLK High 150 150 ns
XA Address Bus Float from SYSCLK .
tD43 High Delay Time 140 140 ns 16 Bit DMA Cycles Only
—READ or -WRITE Float from SYSCLK .
D44 High Delay Time 140 140 ns 16 Bit DMA Cycles Only
—READ or -WRITE Float from —-READ .
. or ~WRITE High at end of DMA Cycle 5 S ns | 16 Bit DMA Cycles Only
IOCHRDY Valid to SYSCLK High
tSuU46 Setup Time 25 20 ns
tH47 !IE)CHRDY from SYSCLK High Hold 10 10 ns
ime
A17-A23 Float from —~MASTER Low
tD48 Delay Time 1 25 1 25 ns
A17-A23 Float from —MASTER High
tD49 Delay Time 1 40 1 40 ns
—REFRESH Low from CPUHLDA High
tD50 Delay Time 70 60 ns
—REFRESH Inactive from SYSCLK
tD51 High Delay Time 50 50 ns Note 5
—REFRESH Low to SYSCLK High
tSU52 Setup Time 25 25 ns Note 6
A17-A23 Valid from —REFRESH
D53 Valid Delay Time 80 80 | ns
154 SYSCLK Cycle Time 62 50 ns
tPW55 SYSCLK Pulse Width Low 25 20 ns
tPW56 SYSCLK Pulse Width High 25 20 ns
157 SYSCLK Rise/Fall Time 10 7 ns

Notes: 5. —REFRESH is an open drain output. This specification is the time until the output is in an inactive state. Rise time of
the external signal will depend on the external puil-up value and capacitive load.

6. When used as an input, -REFRESH is an asynchronous signal. Setup times are shown to assure recognition at a
specific clock edge for testing.
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8 BIT DMA TIMING WAVEFORM
le-si S0 S0 SO -ple-S1 ple-s2 s3 SW s4 s2 s3 sw s4 s sl s
SYSCLK 7 N\ L\J_\_.:‘—‘\_
DMAGLK S AWVAWAVAVNAVNAVWANAVNVANAWANAN
tSU23 ]
DRQO- NOTE 1
5 S el s Er
CPUHRQ ¢
NOTE 2
suzs—»] le— \’//_’
CPUHLDA i \_
—AEN1 tDZii D26
\ / (n
~DACKO- —»! |&f-1027 pe— D27
-DACK3 /
D28 | D29
»lle—»]
XDO-XD? MY, .
7 ”
D30
e D31 D32 —»
A17-A23, > te-1D31 »| 2
XA16 X ADDRESS VALID X -
XAB-XA15 v <1035 ]
/- 4 ADDRESS VALID >—r—
1034 o5
XAO-XA? <1035 ]
//- ADDRESS VALID > | ADDRESS VALID A
D27 1140 ] 1038
1D36 )4;2\ 1037 1037 10374—7__‘_—’__\_
-XIOR
I/ /A
1037 1037 037 |37 |tD37 D38
tD36 — —p m:nj_'—-‘k_/
-xiow, — o, el N N1~ —
i 7/ NOTES N\ \ NOTES \| '\
-XMEMR tD39 D38
TIc ) e
Notes: 1. DRQ should be held active until -DACK is returned.

2. The falling edge of CPUHRQ could occur one clock cycle earlier or later depending on how many bytes are trans-

ferred.

3. The first high to low transition shown here is for extended —XIOW and -XMEMW. The second high to low transition
shown is for ~XMEMR and late write on —XIOW and -XMEMW.
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16 BIT DMA TIMING WAVEFORM

sl S0 S0 S0 SO —ple-S1 —ple-S2 s3 SW s4 s2 s3 SW S4 -ple—Si sl
SYSCLK /‘\_j'\_/‘\_/‘\1 AW 7
AYAVAVAWVAN AYAva
> VAYANANAN /Y \ NVAAVZE
1SU23
DRQS- NOTE 1
DRQ7 _/ _’I tD24 “ D24 /
y ind bt
CPUHRQ \
1SU25 — le— /—‘—F
CPUHLDA N
1D41
-AEN2 — > <242
v l____,/k_—
-DACKS5- —b{ e D27 —> D27
~DACK? “ —
D28  [1D29
XDO-XD7 . 2L .
7 \
D32
A17-A23 ¢ tD30 »| le-1D31 -5 P
< < X ADDRESS vALID
1D43
1D33
XA9-XA16 —»]
L < ADDRESS VALID g A—
.‘_'33_4.l 034 o
XAO-XA8
+/ { ADDRESS VALID X ADDRESS VALID > o fo——
1D36 D37 1H40
-XIOR M= tD37 1037 1037
) 145 P —
tD36  (tD37 D37 D37
D37 D37 paz
X' W, A NOTE 2 NOTE 2 145 S
SXMEMW, T e T e
—XMEMR D39 1D39
TIC . o
i D44
Notes: 1. DRQ should be held active until -DACK is returned.

2.

The first high to low transition shown here is for extended —XIOW and -XMEMW. The second high to low transition
shown is for -XMEMR and late write on —XIOW and -XMEMW.
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IOCHRDY TIMING WAVEFORM

S§2 S3 SwW SW SwW S4

SYSCLK /_\ _/—\_

—P D37 |@— —p! D37 l@—
—_XIOR /
XIOW — a7 |1 0% 0% [
—XMEMW, /
~XMEMR  N\_____ _
tSU46 ¢— 4— tSU46
tHa7 —P _.l
IOCHRDY

Note: The first wait state is inseried by internal circuitry in the VL82C100 for all DMA cycles. Any additional wait states must be n
inserted using IOCHRDY.
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—MASTER TIMING WAVEFORM
syscLk AVAYAYAVAVAVAVAVAVAVAVAVAVAVAY AVAVAR
DMACLK [‘\_/_!
—->| tsuz23 tSU23 —1
DRQs-
DRQ7 f _.I {D24 "_ —IG
D24

CPUHRQ J J‘_\

—» le— tSU25
CPUHLDA x
—DACKS5- —»f tD27 —»|tD27
—DACK7 R— Jt—
-MASTER

—»| tD30 1D48 tD49 —»|tD32
iz e . = dy

AN

Notes: 1. The DMA channel used for requesting control of the bus by a new bus master must be programmed in cascade
mode. The new master should not pull -MASTER low until it has received the corresponding —-DACK signal.

SYSCLK

CPUHRQ

CPUHLDA

~REFRESH

IOCHRDY

A17-A23

The timing shown is assuming one of the 16 bit DMA channels is used. There will be extra cycles between DRQ and
CPUHRQ before and after the request cycle when using an 8 bit DMA channel. These extra cycles are caused by
the cascade delay from the slave 8237 through the master 8237.

-REFRESH TIMING WAVEFORM
Twait
157
tD24 ‘4— tD24 —P '4—
tSU52 —P ¢—
v \
N
—»| tD50 [ 4— —» D51
—p| D51 |-
-
\ ./
1SU46 —b‘ - o146 NOTE 1
tH4‘7—> 14—
—»{ tD53 \ % NOTE 2 ol 1032
tD30 —P» |<— —p{ D53
{ ADDRESS VALID

Notes: 1. A refresh pulse is normally three SYSCLK cycles long (with no wait states). Refresh pulses will be four SYSCLK
cycles if a hold request is pending from the DMA controllers.

2. —-REFRESH cycles can be extended by inserting wait states using IOCHRDY.
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AC TESTING - INPUT, OUTPUT WAVEFORM
INPUT OUTPUT
v v
35V
><1 sv
(V-AY
[ ————AC TEST POINTS——P»

AC testing inputs are driven at 3.5 V for a logic 1 and 0.2 V for a logic 0. Clock inputs SYSCLK and MHZ119 are driven at
4.3V and 0.2 V. Timing measurements are made at 1.5 V for both a logic 1 and 0.

AC TESTING - LOAD CIRCUIT +5.0V

:— DEVICE UNDER TEST R1
/ o ——

*Includes scope and jig capacitance. ]
ACTESTING - LOAD VALUES

Test Pin CL (pF) R1(Q)

-REFRESH 100 1K

All -DACKs, T/C 100

All Other 1/O and Output Pins 50

4-23




® VLSI TECHNOLOGY, INC.

VL82C100

ABSOLUTE MAXIMUM RATINGS

Ambient Operating

Temperature QC = 0°Ct0 +70°C

Ql = 40°C to +85°C
Storage Temperature —65°Cto+150°C
Supply Voltage to

Ground Potential -05Vto+7.0V
Applied Input

Voltage -05Vto+7.0V
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. Expo-
sure to absolute maximum rating
conditions for extended periods may
affect device reliability.

DC CHARACTERISTICS: TA = QC: 0°C to +70°C, Ql: —40°C to +85°C, VDD =5V +5%, VSS =0V

Symbol Parameter Min Max Unit Condition

VOH Output High Voltage 24 \ IOH = —-400 pA

VOL1 Output Low Voltage 0.45 Vv IOL = 20 mA, -REFRESH
VvOL2 Output Low Voltage 0.45 \ IOL = 2 mA, All Other Pins
VIH Input High Voltage 20 VDD + 0.5 \ TTL

VIL Input Low Voltage -05 0.8 v TTL

VIHC Input High Voltage 3.8 VDD + 0.5 Vv RESET, SYSCLK, MHZ119
VILC Input Low Voltage 0.5 0.6 \ RESET, SYSCLK, MHZ119
co Output Capacitance 8 pF

cl Input Capacitance 8 pF

Cio Input/Output Capacitance 16 pF

ILOL Three-state Leakage Current -100 100 pA

IF Input Leakage Current -0.5 mA VIN = 0.45 V, All IRQ & DRQ Inputs
LI Input Leakage Current -10 10 BA All Other Inputs

icC Power Supply Current 30 mA Note

Note: VIN = VDD or GND, VDD = 5.25 V, outputs unloaded.
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F

EATURES

Fully compatible with IBM PC/AT-type
designs

Replaces 36 integrated circuits on the
PC/AT-type board

Supports up to 12 MHz system clock

Device is available as “cores” for
user-specific designs

Sink 20 mA on slot driver outputs

Designed in CMOS for low power
consumption

PC/AT-COMPATIBLE SYSTEM CONTROLLER

DESCRIPTION

The VL82C101B PC/AT-Compatible
System Controller replaces an 82C284
Clock Controller and 82C288 Bus
Controller (both are used in ‘286-based
systems), an 82C84A Clock Generator
and Driver, two PAL16L8 devices {used
for memory decode), and approximately
31 other less complex integrated
circuits used as Wait State logic. When
used in 12 MHz systems utilizing 80 ns
DRAMs, the device provides the
required one wait state for a “write”
operation, and zero wait states for a
“read” operation. A 12 MHz system
using 120 ns DRAMSs will be provided
with one wait state for “write” and one

wait state for "read”. The device
accepts both the 24 MHz crystal to
control the system clock as well as the
14.318 MHz crystal to control the video
clock. It also supplies reset and clock
signals to the I/O slots.

The device is manufactured with VLSI's
advanced high-performance CMOS
process and is available in a JEDEC-
standard 84-pin piastic ieaded chip
carrier (PLCC) package. The
VL82C101B is part of the PC/AT-
compatible chip sets available from
VLSI. Please refer to the Selector
Guide in the front of this manual.

BLOCKDIAGRAM ( RESCPU
RESET
o200 _READY
POWERGOOD 82284 SVSOLK
RC CLOCK > %EELK
XTAL1(1) GENERATION —PCLK
XTAL1(2) *| "AND READY osc
XTAL2(1) CONTROL MHZ119
XTAL2(2) S
READY - ENAS
o T 1 ( DT-R
o1 BUS -DENLO
ot 82288 CONTROL —DENHI
. T s < AE
BUS RAS
M-I " CONTROL BUS -BUSY286
CPUHLDA COMMANDS RAMALE
FASTMODE — \ ENDRAS
_ERROR
) -IOR
BUSY287 -IoW
s ! -MEMR
—MEMW
‘ k ~INTA
-LMEGCS [ ‘EME.\“:\F,‘V
ARDYEN BUFFER > < -XMEMR
~WS0 ° —XMEMW
ROMWTST WAIT Xion
RAMWTST} ™ STATE —XIow
_ROMCS LOGIC >
e
-REFRESH
IOCHRDY _MEMR R
REFRESH -
L» CONTROL »  -REFEN
e —
o DIR245
-10CS16 DATA > 3 CNTLOR?
] » CONVERSION CNTLOFF
MEMCS16 SAO
_MASTER
™ »  -DMAAEN
-AEN2  —{ cONTROL v
—AEN1
287 AND RESET287
XAO, XAG, »| PERIPHERAL |—» ‘ggl%sé
XAS-XA9 CONTROL XDATADIR

ORDER INFORMATION

Part

Number Package

VL82C101B-QC | Plastic Leaded Chip
Carrier (PLCC)

Note: Operating temperature is
0°C to +70°C.
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PIN DIAGRAM
IO XTAL XTAL
Al MHO -S1 cuRDy {(2) 2(2) VDD XAO  XAS  XA7
-locs CPU | XTAL XTAL [POWE

o N o N o O o T o T s T o Y o I o SN o o Y o NN o Y o N o Y o NS o N O o S o |

1110 9 8 7 6 5 4 3 2 1 84 83 82 81 80 79 78 77 76 75
-wso o 12 ® 74 0 XA9
—ROMCS O 13 73 [ -AEN1
F16 o] 14 72 O -AEN2
Ao o 15 71 | -REFRESH
FASTMODE ] 16 70 b -LMEGCS
ROMWTST ] 17 69 | -MEMCS16
RAMWTST [ 18 VL82C101B 88 1 —MASTER
-BUSY287 O 19 67 b -ERROR
0sC O 20 66 [0 ENDRAS
MHZ119 [ 21 TOP VIEW 65 O -READY
~XBHE O 22 64 O RAMALE
—NPCS d 23 63 b -PPICS
RESET287 O 24 62 1 XDATADIR
—DENHI O 25 61 b CNTLOFF
-DENLO ] 26 60 1 GATE245
vss 0 27 59 b vss
DT-R o 28 58 [ DIR245
ALE 29 57 b Qi
RAS O 30 56 [ -REFEN
~DMAAEN [ 31 55 1 -ENAS
VDD d 32 54 p VDD
33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53

O 00 o000 oooooogoagoduogdbud

RES |-XMEM| -X [-MEM RE | sYsS —SMEM
CPU ‘ R I IOR l W "'OW -gggv‘ SET l CLK | SA0 \ R lPCLK
-XMEM X -MEM PROC —SMEM

W ow Vss TR -IOR ANTA TG VSS Ty -PCLK
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SIGNAL DESCRIPTIONS

Signai Pin Signal Signai

Name Number Type Description

XTAL1(2) 2 O Crystal 1 Output 2 - A parallel resonant fundamental mode crystal should
be attached across XTAL1(1) and XTAL1(2). This is the crystal output.

XTAL1(1) 3 l Crystal 1 Input 1 - A parallel resonant fundamental mode crystal should be

attached across XTAL1(1) and XTAL1(2). This input drives the internal
oscillator and determines the frequency of OSC.

IOCHRDY 4 ! /O Channel Ready - This input is generated by an /O device. When low, it
indicates a not ready condition. This is used to extend memory or /O
accesses by inserting wait states. When high, this signal allows normal
completion of a memory or I/O access by an /O device.

CPUHLDA 5 | CPU Hold Acknowledge - This input indicates ownership of the local CPU
bus. When high, this signal indicates that the CPU has three-stated its bus
drivers in response to a hold request. When low, it indicates that the CPU
bus drivers are active.

-S1 6 | Status 1 - An active low input/pull-up from the CPU in combination with —S0
and M/-lO determine which type of bus cycle to initiate. —S1 going active
indicates a read cycle unless —S0 also goes active. Both status inputs
active indicate an interrupt acknowledge cycle or halt/shutdown operation.

-S0 7 | Status 0 - An active low input/pull-up from the CPU in combination with —S1
and M/-IO determine which type of bus cycle to initiate. —S0 going active
indicates a write cycle unless —S1 also goes active. Both status inputs
active indicate an interrupt acknowledge cycle or a halt/shutdown opera-
tion.

M/-IO 8 | Memory or /O Select - This input indicates the type of bus cycle tc be
performed. If high, a memory cycle or halt/shutdown cycle is started. If
low, then an 1/O cycle or an interrupt acknowledge cycle will be initiated.

RC 9 l This active low input signal will force a CPU reset when active. It is
generated by the keyboard controller.
Al 10 | CPU Address Bus Bit 1 - This input is used to determine when to initiate a

shutdown operation. A shutdown will be started when A1 is low, M/~lO is
high, and both —S0 and —S1 go low.

-lIOCS16 11 | /O Chip Select 16 - This active low input is generated by an /O device for
a 16-bit data bus access.

-WS0 12 | Wait State 0 - This active low input signal should have an external pull-up.
A peripheral device can pull this signal low to force a zero wait state cycle.

-ROMCS 13 | ROM Chip Select - This active low input is a signal generated from
-LCSOROM and -LCS1ROM and is used to indicate a ROM memory
access.

F16 14 | This input indicates a word memory access. It is used to inhibit command
delays during a 16 bit memory access.

A0 15 | CPU Address Bus Bit 0 - This input is used to generate enable signals for
the data bus transceivers.

FASTMODE 16 | This active high input enables the generation of an early ALE signal, called

RAMALE, from the edge of -MEMR or -MEMW. If FASTMODE is desired,
this pin must be held low until after the first memory read cycle. RAMALE
is equal to ALE when FASTMODE is inactive.
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal
Name Number Type Description
ROMWTST 17 I ROM Wait State - This input is used to select the desired number of ROM

access wait states. ROMWTST = 0 indicates two waits while RAMWTST =
1 indicates one wait state. If two wait state mode is required, this pin must
be set high when CPUHLDA (pin 5) is high.

RAMWTST 18 | RAM Wait State - This input is used to select the desired number of RAM
access wait states. RAMWTST = 0 indicates zero waits while RAMWTST
= 1 indicates one walit state.

—-BUSY287 19 | Busy 287 - A busy status input that is asserted by the 80287 to indicate
that it is currently executing a command.

0oscC 20 0] This is the buffered output of XTAL1 oscillator.

MHZ119 21 0] This output is the OSC output clock divided by 12. It is used by the
Peripheral Controller device for the timer controller.

-XBHE 22 o Transfer Byte High Enable - This active low I/O is used to allow the upper
data byte of be passed through the data bus transceivers.

-NPCS 23 0] Numerical Processor Chip Select - This active low output is the chip select
for the 80287 numerical processor.

RESET287 24 0] Reset 287 - This active high output is used to reset the 80287 numerical
processor.

—DENHI 25 (0] Data Bus Enable High - This active low output is used to enable the data
bus transceiver on the high byte of the data bus.

-DENLO 26 O Data Bus Enable Low - This active low output is used to enable the data
bus latch byte accesses.

DT~-R 28 O Data Transmit/Receive - An output that determines the data direction to

and from the local data bus. A high indicates a write bus cycle and a low
indicates a read bus cycle. DT/-R is high when no bus cycle is active.
—DENLO and -DENHI are always inactive when DT/-R changes state.

ALE 29 0] Address Latch Enable - A positive edge output that controls the address
latches which hold the address during a bus cycle. ALE is not issued for a
halt bus cycle.

RAS 30 (0] This output will go active anytime a memory read or memory write com-
mand is issued.

~DMAAEN 31 O DMA Address Enable - An active low output that is active whenever an /O
device is making a DMA access to the system memory.

RESCPU 33 o) Reset CPU - This is the active high output system reset for the GPU. ltis
generated from POWERGOOD, RC or when a shut down status is gener-
ated by the GPU.

-XMEMW 34 1o Peripheral Bus Memory Write - An active low I/O that is the memory write

command to and from the peripheral bus. This pin is configured as an
output when ~DMAAEN is high and an input when -DMAAEN is low.

-XMEMR 35 VO Peripheral Bus Memory Read - An active low /O that is the memory read
command to and from the peripheral bus. This pin is configured as an
output when -DMAAEN is high and an input when -DMAAEN is low.

-XIOW 36 1o Peripheral Bus Input/Output Write - This active low I/O is the read com-
mand to and from the peripheral bus. This pin is configured as an output
when —-DMAAEN is high and an input when ~-DMAAEN is low.
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SIGNAL DESCRIPTIONS (cont.)

Signai Pin Signal Signal
Name Number Type Description
—XIOR 37 1o Peripheral Bus Input/Output Read - This active low I/O is the read com-

mand to and from the peripheral bus. This pin is configured as an output
when —~DMAAEN is high and an input when -DMAAEN is low.

-MEMW 39 o Memory Write - This active low I/O is the memory write command from the
bus controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

-MEMR 40 110 Memory Read - This active low /O is the memory read command from the
bus controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive. -MEMR is also active during a refresh

cycle.

-IowW 41 o) Input/Output Write - This is the active low /O write command from the bus
controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

-IOR 42 e} Input/Output Read - This is the active low I/O read command from the bus
controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

-BUSY286 43 0] Processor 286 Extension Busy - This output goes to the —-BUSY input of
the 80286. If pulled low, this signal stops the 80286 program execution on
all WAIT and some ESGC instructions until it returns inactive (high).

~INTA 44 0] Interrupt Acknowledge - This active low output that is three-stated, is the
interrupt acknowledge command from the bus controller portion of the chip.
It will be three-stated when CPUHLDA is asserted and CNTLOFF is

inactive.

RESET 45 0] Reset - This active high output signal is the system reset generated from a
POWERGOOD. It is synchronized to PROCCLK.

PROCCLK 46 O Processor Clock - This output is the processor clock for the CPU and
coprocessor. It is equal to the crystal frequency on crystal oscillator input
XTAL2.

SYSCLK 47 (0] System Clock - This output is the main system clock. It is equal to half the
PROCCLK frequency and is synchronized to the processor’s T-states.

SAC 49 0] System Address Bus Bit O - A three-stated output.

-SMEMW 50 O Memory Write - An active low three-stated output that is the memory write
command to the expansion bus. Drives when ~-LMEGCS is low.

-SMEMR 51 O Memory Read - An active low three-stated output that is the memory read
command to the expansion bus.

-PCLK 52 (0] Peripheral Clock Complement Phase - This output is the complement

phase of the peripheral clock. It is equal to half the PROCCLK frequency
and is used for clocking peripheral devices.

PCLK 53 (0] Peripheral Clock True Phase - This output is the true phase of the periph-
eral clock. It is equal to half the PROCCLK frequency and is used for
clocking peripheral devices.

—-ENAS 55 (o] Enable Address Strobe - This active low output is used to enable the
address strobe on the real time clock. It will go low the first time —~S0 is
asserted after a system reset.

—REFEN 56 o Refresh Enable - An active low output. It will be asserted when a refresh
cycle is needed for the DRAMs. It is used to clock a refresh counter which
provides addresses during the refresh cycle.
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SIGNAL DESCRIPTIONS (Cont)

Signal Pin Signal Signal
Name Number Type Description
Q1 57 o This active high output will go active during the second phase of a CPU

bus cycle following the T-state. It is used by other devices to generate the
address strobe for the real time clock.

DIR245 58 o Direction 245 - This output determines the direction of the data bus
transceiver which does conversions from high to low byte or low to high
byte for 8-bit peripherals.

GATE245 60 0] Gate 245 - This output enables the data bus transceiver which does
conversions from high to low byte or low to high byte for 8-bit peripherals.

CNTLOFF 61 6] Control Off - This output is used to enable the lower byte data bus latch
during byte accesses.

XDATADIR 62 0] Transfer Data Direction - This output controls the direction of data flow

through the transceiver between the X data bus and the lower byte of the S
data bus. A high indicates data flow from the S bus to the X bus. A low
indicates data flow from the X bus to the S bus.

-PPICS 63 0] Programmable Peripheral Interface Chip Select - This active low output is
used to generate the chip select for the keyboard controller.

RAMALE 64 0 RAM Address Latch Enable - This output is used in the FASTMODE of
operation. When FASTMODE is inactive RAMALE is equal to ALE.

-READY 65 (o] Ready - When active, indicates that the current bus cycle is to be com-
pleted. —READY is an open drain output requiring an external pull-up
resistor.

ENDRAS 66 O An output that is used to complete a memory read/write cycle.

—-ERROR 67 | Error - An error status input from the 80287. This reflects the ES bit of the
80287 status word and indicates that an unmashed error condition exists.

-MASTER 68 | Master - This active low input is asserted low by devices on the expansion
bus. A low indicates that another device is active.

-MEMCS16 69 | Memory Chip Select 16 - A low on this pin indicates that the off-board
memory is 16-bits wide.

-LMEGCS 70 I Lower Megabyte Chip Select - This input indicates that the lower memory

address space (0-1 megabyte) is selected. When low, it enables the three-
state drivers on -SMEMR and ~-SMEMW.

-REFRESH 71 1 Refresh - This active low input is used to initiate a refresh cycle for the
dynamic RAMs.

—AEN2 72 | Address Enable 2 - This active low input is from the DMA controllers and is
used to enable the address latches for 16 bit data transfers.

—AEN1 73 | Address Enable 1- This active low input is from the DMA controllers and is
used to enable the address latches for 8 bit data transfers.

XA5-XA9 78-74 | Peripheral Address Bus Bits 5-9 - These inputs are used to decode chip
select and reset signals for the coprocessor.

XA3 79 | Peripheral Address Bus Bit 3 - This input is used in control of the
coprocessor reset and chip select signals.

XAO 80 ] Peripheral Address bus bit 0 - This input is used in control of the coproces-
sor and 8/16-bit data conversions.

POWERGOOD 81 | System Power-on Reset - This input signal indicates that power to the

board is stable. A Schmitt-trigger input is used so the input can be
connected directly to an RC network.
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VL82C101B

SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal

Name Number Type Description

XTAL2(1) 83 | Crystal 2 Input 1- A paraliel resonant fundamentai mode crystai should be
attached across XTAL2(1) and XTAL2(2). This input drives the internal
oscillator and determines the frequency for PROCCLK.

XTAL2(2) 84 0] Crystal 2 Output 2 - A parallel resonant fundamental mode crystal should
be attached across XTAL2(1) and XTAL2(2). This is the crystal output.

vDD 32,54, 82 System Power: 5V

VSsS 1, 27, 38, System Ground

48, 59

FUNCTIONAL DESCRIPTION

The VL82C101B chip generates all the
major clocks for an AT-compatible
system design along with the command
and control signals for both the system
and peripheral buses. It interfaces with
the CPU to determine the type of bus
cycle to execute and generates the
—READY signal to indicate that the
current bus cycle can be terminated. |t
also contains logic to make conversions
between 16 bit and 8 bit data accesses.
Finally, it generates some of the control
signals necessary for the 80287
Numerical Processor.

CLOCKGENERATION

The VL82C101B contains two oscilla-
tors to generate the clocks for an AT-
compatible design. Both oscillators are
designed to use an external, parallel
resonant fundamental mode crystal.
The first oscillator is used to generate
the video clock output (OSC) and
MHZ119 which is the clock for the 8254
timer in the Peripheral Controller
device. A 14.318 MHz crystal should
be used on this oscillator to maintain
compatibility. The OSC output is
generated directly from this oscillator for
the system bus and the MHZ119 output
is derived from the OSC output divided
by 12. To guarantee sufficient drive
and a clean signal on the slots it is
recommended that the OSC output be
buffered before driving the expansion
connectors.

The second oscillator is used to
generate the system clocks. The
crystal frequency for this oscillator
should be twice the operating frequency
of the CPU. For a 12 MHz system, a 24
MHz oscillator should be used. This

FIGURE 1. OSCILLATOR CIRCUIT

XTAL2(1)
20/24 MHz
—l l I XTAL2(2)
30 pF —— —— 10pF
v A\
XTAL1(1)
14.318 MHz
Lt | | XTAL1(2)
11 | |
R S— 1 1 —
5-50
30 pF —— —— 10pF
P oF VAR P
4 \4

oscillator is used to generate four clock
outputs. PROCCLK is generated
directly from the oscillator and will have

the same frequency as the crystal input.

This output is connected directly to the
CPU and Numerical Processors clock
inputs. PCLK and —-PCLK are used to
clock the keyboard controller. These
outputs are free running clock signals
with a frequency of half the PROCCLK
frequency. The last clock output is
SYSCLK. This clock is also at half the
PROCCLK frequency, but it will be held
low during RESET and will not begin
running until the first bus cycle is
initiated by the CPU. 1t will then make
its first low to high transition on the
falling edge of PROCCLK during the

start of the first TC cycle (see timing
waveforms). This synchronization is
done to ensurs that the system clock is
synchronized with the 80286 internal
system clock. The SYSCLK output is
used to drive the Peripheral Controlier
device directly and should be buffered
externally before driving the expansicn
connectors to guarantee sufficient drive
and a clean signal on the slots.

RESET AND READY CONTROL

The 82284 megacell along with some
support logic is used to control the
system reset signals and -READY
signal for the CPU. Two basic reset
signals are generated for the system.
RESET is the system reset out of the
82284 megacell and is synchronized to
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PROCCLK. It is generated from the
POWERGOOD input signal. RESCPU,
the other reset output, is connected to
the input on the 80286 processor.
RESCPU will be active anytime RESET
is active. It can also be generated from
two other possible sources. The first is
the RC input from the keyboard
controller. RESCPU will go active
within 4 to 18 PROCCLK cycles after
RC is asserted and will go inactive 16
PROCCLK cycles later or 16
PROCCLK cycles after RC is negated.
RESCPU will also be generated if a
shutdown command cycle is decoded
from the CPU. As with the RC input,
RESPCU will go active within 4 to 18
PROCCLK cycles of detecting the
shutdown command and will be
negated 16 PROCCLK cycles later.
The POWERGOOD pin has a Schmitt-
trigger input so that an RC network can
be used to generate the reset signais.

The —READY output is synchronized
and controlled by the 82284 megacell.
—READY is an open drain output
connected directly to the CPU and
requires an external pull-up resistor. A
resistor value of 700 Q is recom-
mended for 10 or 12 MHz operation.
Bus cycle length is controlled by the
—READY output. Bus cycles are
lengthened and shortened internally by
the VL82C101B depending on the type
of bus cycle being executed. The
length of a bus cycle can be shortened
externally by pulling the ~-WS0 input
low or lengthened by pulling the
IOCHRDY input low. If IOCHRDY is
pulled low the bus cycle will not be
terminated until IOCHRDY is returned
high.

COMMAND AND BUS CONTROL
The VL82C101B contains an 82288
bus controller megacell to generate all
the bus command and control signals.
The 82288 megacell generates the
-MEMR, -MEMW, -IOR and -IOW
command signals and the DT/-R
control signal. The DEN output from
the megacell is split into -DENLO and
~DENHI for enables on the upper and
lower bytes of the data bus. Internal
circuitry is used to insert one
PROCCLK cycle of command delay for
all YO cycles and off-board 8 bit
memory cycles. Refer to the 82288

data sheet for complete operation of
the 82288 megacell.

OPERATING MODES

The VL82C101B operates in four basic
modes. First, and most common, is the
CPU mode. This mode is active any
time the input CPUHLDA is low. While
in CPU mode the VL82C101B will drive
both the CMD (-MEMR, ~MEMW,
-IOR, —-IOW) bus and XCMD
(-XMEMR, —XMEMW, -XIOR, -XIOW)
bus.

The other modes can only be active
when CPUHLDA is high. Then the
VL82C101B can be in DMA mode,
—~MASTER mode, or -REFRESH

mode. If the inputs —AEN1 or —~AEN2
are active, the VL82C101B is in DMA
mode and the CMD bus is driven from
the inputs on the XCMD bus. If the
—MASTER input is active, the
VL82C101B is in -MASTER mode and
the XCMD bus is driven from the inputs
on the CMD bus. When the
—REFRESH mode is active the -MEMR
output will be driven to generate the
refresh for the DRAMs but -MEMW,
-IOR and —IOW will be in a high imped-
ance state. The XCMD pins will be
configured as outputs driving whatever
value is on the CMD pins.

SYSTEM BOARD MEMORY
CONTROL

Memory control on the system board is
accomplished with three signals,
RAMALE, RAS, and ENDRAS.

The system board memory controls can
operate in two different modes. While
in CPU mode with the FASTMODE
input set low or in non-CPU mode,
RAMALE will look the same as ALE
and RAS will be generated from
-MEMR and -MEMW. in this mode
the memory timing will look the same
as an AT-compatible design. If the
FASTMODE input is set high, the
RAMALE and RAS signals are
changed during CPU mode accesses
to allow for more DRAM access time.

RAMALE is used by both the Memory
Controller and Address Buffer devices
to latch in current address values to
generate both address and enable
signals for the DRAMs. In FASTMODE
the RAMALE signal is changed so that

it will only go low when a memory read
or write command is active. This
guarantees that the memory address
and chip select signals will remain valid
during the entire memory cycle and
allows RAMALE to return high as soon
as possible to transmit through the new
address for the next cycle.

The RAS output is changed in
FASTMODE so that it will go active one
PROCCLK cycle sooner during a
memotry read cycle to allow more read
access time. The RAS output will look
the same as non-FASTMODE timing for
write cycles. This was done to allow for
zero wait state cycles on memory
reads. RAS could not be moved up on
memory writes because the data from
the CPU would not be valid in time to
be written into the DRAMSs.

ENDRAS is used to terminate the RAS
signals to the DRAMs without terminat-
ing the memory access. This allows for
the required RAS precharge time before
the next memory access. It will
normally be high and make a high to
low transition to terminate the RAS
signals to the DRAMs on the third
PROCCLK after RAS goes active.
ENDRAS will then remain low until RAS
returns low, which will cause ENDRAS
to return high. The exception to this
timing is for a zero wait state RAM read.
In this case, ENDRAS will make the
high to low transition two PROCCLK
cycles after RAS instead of three.

WAIT STATE LOGIC

Wait states can be controlled from a
number of different sources within the
VL82C101B. lt is internally pro-
grammed to generate the wait states
shown in Table 1 based on the appro-
priate input signals.

Any of these programmed values can
be overridden by the inputs IOCHRDY
and -WS0. IOCHRDY can be used to
extend any bus cycle. When IOCHRDY
is pulled low the current bus cycle will
be maintained until it is returned high.
A low on —“WSO0 will terminate the
current bus cycle as soon as it is
recognized by the VL82C101B. These
inputs need only be pulled low to modify
the values shown in Table 1.

IOCHRDY and —WS0 are mutually
exclusive and only one of them should
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be pulled low within a given bus cycle.
Refer to the timing diagrams for setup
and hold requirements.

REFRESH CONTROL

The VL82C101B contains circuitry to
control a refresh cycle in an AT-compat-
ible design. When the input
—REFRESH is pulled low the
VL82C101B will issue -REFEN to clock
the refresh counter and enable the
refresh addresses onto the memory
address bus. It will also issue a
~MEMR command. For correct opera-
tion ~REFRESH should not be pulled
low unless CPUHLDA is active.

DATA CONVERSION

A state machine for controlling the
conversion between 16 bit data ac-
cesses from the CPU and 8 bit periph-
erals is contained in the VL82C101B.
This state machine will generate the

contro] signals DIR245, GATE245, and
CNTLOFF to the Data Buffer chip io
route the data correctly for both read
and write conversions. The conversion
logic will signal the wait state logic to
hold the CPU and start the read/write of
the low data byte. 1t will then latch the
low byte for a read operation, negate
the bus control signals, switch SAO to a
high, and then perform the read/write
operation for the high data byte. The
VL82C101B also uses the DIR245 and
GATEZ245 during 8-bit DMA cycles to
route the lower byte on the system data
bus to or from the high or low byte of
on-board memory.

NUMERICAL PROCESSOR AND
PERIPHERAL CONTROL

The VL82C101B generates a RESET
signal and chip select signal for the
80287 Numerical Processor. The signal

RESET287 is used to reset the 80287
and can be activated by a system reset
or an I/0 write to address OF 1 hex.
~NPCS is used as a chip select for the
80287 and is decoded at addresses
OF8-OFF hex.

The VL82C101B also controls the
-BUSY286 signal sent to the 80286
from the Numerical Processor. The
80287 will assert -BUSY287 whenever
it is performing a task. This signal is
passed to the 80226 by asserting the
—BUSY286 output. Normally
-BUSY286 will follow -BUSY287.
However, if the -ERROR signal is
asserted while the ~-BUSY287 signal is
active, the ~BUSY286 output will be
latched low and will remain active until
cleared by an /O write cycle to address
OFO hex or OF1 hex.

TABLE 1. WAIT STATES

Access Type RAMWTST | ROMWTST | F16 |-MEMCS16 -10CSs16 Number of Waits
INTA Cycles X X X X X 4
8 Bit I/O X X X X 1 4
16 Bit 11O X X X X 0 1
Off-board 8-Bit Memory X X 0 1 X 4
Off-board 16-Bit Memory X X 0 0 X 1
On-board ROM Read X 1 1 X X 1
On-board ROM Read X 0 1 X X 2
On-board RAM Write X X 1 X X 1
On-board RAM Read 1 X 1 X X 1
On-board RAM Read 0 X 1 X X 0
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AC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V 5%, VSS=0V
PROCCLK MODE TIMING
Symbol Parameter Min Max Unit Condition
t1 PROCCLK Period 42 250 ns 24 MHz Crystal Oscillator
12 PROCCLK High Time _ 14 239 ns
t3 PROCCLK Low Time 12 237 ns
14 PROCCLK Rise Time 8 ns 1.0Vto3.6V,CL=150pF
t5 PROCCLK Fall Time 8 ns 36Vt 1.0V, CL=150pF

PROCCLK TIMING WAVEFORMS
t t2 t4

PROCCLK

—» 6 | 5

AC measurement characteristics from PROCCLK going low:

40V 40V
3.6V
PROCCLK
(OUTPUT) 1.0V
0.45V

The PROCCLK (from 284 Megacell) is the main reference point for most of the AC signals. PROCCLK has a guaranteed VOH of
4.0 V and a VOL of 0.45 V. However, all AC measurements referenced to PROCCLK going low are from the 1.0 V point. At 24
MHz the transition time from 3.6 Vto 1.0 V (and 1.0 V to 3.6 V) is guaranteed to be 8 ns or less.
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CPU MODE TIMING

Symbol Parameter Min Max Unit Condition
tSue POWERGOOD to PROCCLK Setup Time 20 ns Note 1
tH7 POWERGOOD from PROCCLK Hold Time 10 ns Note 1

tD8 RESET from PROCCLK Delay 25 ns

tD9 SYSCLK, PCLK, —PCLK from PROCCLK Delay 25 ns

tD10 RESCPU from PROCCLK Delay 24 ns

tSU11 M/-IO, A1 to —80, —S1 Setup Time 22 ns

t12 OSC Rise/Fall Time 8 ns CL = 100 pF
113 MHZ119 Rise/Fall Time 8 ns CL = 100 pF
tD14 MHZ119 from OSC Delay 20 ns

tSU15 —-80, —S1 to PROCCLK Setup Time 24 ns

tH16 -S0, -S1 from PROCCLK Hold Time 3 ns

tD17 ALE Valid from PROCCLK Delay 19 ns

tD18 DT/-R Low from PROCCLK Delay 28 ns

tD19 DT/-R High from PROCCLK Delay 45 ns

tD20 DT/-R High from -DENHI, -DENLO High Delay 3 ns

tD21 -DENLO, -DENH]I Active from PROCCLK Delay 35 ns

tD22 ~DENLO, -DENHI Inactive from PROCCLK Delay 35 ns

tD23 —-READY Active from PROCCLK Delay 20 ns

tD24 —-READY Inactive from PROCCLK Delay 3 ns Note 2
D25 —iOR, ~XiOR Vaiid from PROCCLK Delay 40 ns

tD26 -IOW, —XIOW Valid from PROCCLK Delay 40 ns

tD27 XDATADIR Valid from PROCCLK Delay 40 ns

tSuU28 -I0CS18 PROCCLK Setup Time 30 ns

tH29 —I0CS16 PROCCLK Hold Time 10 ns

tSU30 IOCHRDY toc PROCCLK Setup Time 25 ns

tD31 —ENAS Valid from PROCCLK Delay 30 ns

D32 RAMALE Valid from PROCCLK Delay 24 ns

Notes: 1. POWERGOOD is an asynchronous input. This specification is given for testing purposes only, to assure recognition
at a specific PROCCLK edge.

2. —READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK
cycles. We recommend 700  for the pull-up resistor for 10 MHz and 12 MHz systems.
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CPU MODE TIMING (Cont.)
Symbol Parameter Min Max Unit Condition
tD33 RAS High from PROCCLK Delay 18 ns Note 3
D34 RAS High from PROCCLK Delay 15 | ns ;2:;“3%35 =1, MEM
tD35 RAS Low from PROCCLK Delay 28 ns
tD36 ENDRAS Low from PROCCLK Delay 25 ns
tD37 ENDRAS High from PROCCLK Low Delay 55 ns
tD38 ENDRAS High from RAS Low Delay 3 ns
D39 ;gglggl_ ;XDT!E:;R ~SMEMR Valid from 40 ns
(D40 ;h'gghé\éVLE)éhgllEa:AW -SMEMW Valid from 40 ns
tSU41 —WS0 to PROCCLK Setup Time 22 ns
tH42 —WS0 from PROCCLK Hold Time 1 ns
tSU43 F16 to PROCCLK Setup Time 30 ns
tH44 F16 from PROCCLK Hold Time 10 ns
tSU45 —MEMCS16 to PROCCLK Setup Time 32 ns
tH46 —-MEMCS16 from PROCCLK Hold Time 5 ns
tSuU47 A0 to PROCCLK Setup Time 38 ns
tD48 SAQ from PROCCLK Delay Time 35 ns
tSU49 —XBHE to PROCCLK Setup Time 30 ns
tD50 Q1 from PROCCLK Delay Time 35 ns
tD51 CNTLOFF from PROCCLK Delay Time 25 ns Note 4
tD52 DIR245 from PROCCLK Delay Time 45 ns
tD53 GATE245 from PROCCLK Delay Time 55 ns
tD54 ~INTA Valid from PROCCLK Delay Time 42 ns

Notes: 3. FASTMODE = 1, MEM write only. FASTMODE = 0, MEM read only.

4. DIR245 goes low for a write cycle. It will remain high for read cycles.
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RESET AND CLOCK TIMING WAVEFORMS

FrocelK %Immﬂfu” N\

tH

@ tSUB
POWERGOOD // / /-
NOTE
—» |<_ tD8
RESET
- % %
A1, M~IO X VALID

tSU11
-S1,-S0 1SU15 _-.l ‘:’ l‘— e /;’l |‘_ //

\ / ]
_ENAS tD31 — P IQ—
\ -/ / -/ /
09— ; 'Q—tDQ
SYSCLK / \ 7 \// //—_/_
—»| le D10 D10 1
RESCPU Y.
/-

tD9 —P» _{:—
<4— tD9

Pk / /A U A WS WY A W< W
tD9 —P |,

[@— tD9
46/ /N [

2 12
0sC :\_’(_\_/
|<— tD14

(WA "\
D14 tD14
MHZ119

g

Note: POWERGOOD is an asynchronous input. This specification is given for testing purposes only, to assure
recognition at a specific PROCCLK edge.
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I/0 TIMING WAVEFORM
TS—plg—TC ™ TS TC 4TW W FROM (;IR
—plg— TS—pig— TC—Ppid— CYCLES—’ |/ocHRDY<_ TS
PROCCLK C \ /' \_/_\ VA VAVAVAYE SRR
tSU15, —» -tH16
-S0, -S$1 :_k <+ |<’ -/ /.
/ \ /
g J}grb
t
ALE /TN / /-
—p |<_ tD18 tD19 —»
DT/-R A \ S/
D21 D22 i D20
—» l‘ > | D21 tD22 —>4j<7_
TDENH one 2
D23 —P» = < ,{ —» H—2D23
READY — :___/ 4 \
NOTE D25 tD25
-IOR, XIOR —» l\" —> )‘_;
. o -/ /-
—IOW, XIOW D26 tDb26
' —p —P
J\' J"‘ %
tD27 tD27
XDATADIR — l‘" —» ’t
tSU28 tH29 tSU28\ v/
_I0CS16 \ / ' //
(OCHRDY tsuao—b‘ 4 —>| <4 tSU30

Note: —READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK cycles.
We recommend 700 Q for the pull-up resistor for 10 MHz and 12 MHz systems.
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MEMORY TIMING WAVEFORM
i<—READ —ple— WRITE »
|<—TS—><—TC—><—TS—><—Tcm Ciﬂsm%
VA, WaVs Wal: Wa > A\
tSU15 ;_» Iq-- tH16
-S0, -S1 _j
tD17 —l |-
 {4— D17
ALE # \ T\ / /-
tD32 —P» -
-{-: §— iD32
/ [ 1\
RAMALE
FASTMODE =0 7
RAMALE D32 — [E— | |<—t032
FASTMODE = 1 / \ vy /
—» <D
0as— |a— || |03 0% | |e 03
RAS / \ 77 -
FASTMODE =0
—p 4 D34
tD34 — }4— —» [€1D35 t Y — |<— tD35
nas —/ —» |4 D
FASTMODE = 1 D37
—» e —» tD36 1D38
ENDRAS 1036 \Ij |\<_ 1D37
| l@—tD1 7
DT/-R D18 b @ (4P
Y &
l‘_ —» tD22 —
-DENLO, D21 _—P» tD21
-DENHI \ ).
~MEMR, tD39 —P» »
_XMEMR, |<'—> |<— tD39 /.
-SMEMR 1/ ’
XMEMW, tSU41 I\
-SMEMW 1SU41 /-
"‘|<— tH42
WSO

A

tH44

A T Y

Fié

AT SN

tSU45
tH46
-MEMCS16 m Y
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CONVERSION TIMING WAVEFORM

ALE

A0

SAQ

-IOR,
-Iow,
-MEMR,
~MEMW

Q1

CNTLOFF

DIR245

GATE245

tSU43
—»
-WSo0

F16

—

3TW

7 L

R S

W

Tl

TS

=

PROCCLK _f_ \_/_\
/]
<—

tSU47

7/

//

&\%WWWWKKW

1D48 4@ 1D48 e »
RN Y /
e t» 1SU49
S Y. .
i a W /
D50 —P l‘._ tD50 —.4'4— —» tD50 —»] ]4.- tD50
/- s
/ \ / \
tD51 —9 l:: —’_t—tDS‘I
7/ /7
e ] e > N e B .S > __):E
\_, . NOTE / \__, . NOTE
. 1053 — |4 1D53 — t
7 \ //I
- tH44
R N
tSU41 —»l__’<-!-<_ tHap
Y B
Z

tSU28
-l0CSs16 A

DIR245 goes low for a write cycle. It will remain high for read cycles.

Note:
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INTA TIMING WAVEFORM

PROCCLK \_/ \ WAYS

ALE / \

_ tD54 —p» |<— —> |<-— tD54
—-iNTA i

\_
DT~R

\ /
-DENLO

\ /

tD27 —P» —» tD27

XDATADIR \l‘— P
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DMA MODE TIMING
Symbol Parameter Min Max Unit Condition
tD55 ~DMAAEN Delay 20 ns Note 1
tD56 XDATADIR Delay 27 ns From —XIOR
tD57 -IOR, —IOW Delay 40 ns
tD58 —XBHE Delay 35 ns Note 2
tD59 DIR245 Delay 35 ns
tD60 -MEMW, -MEMR, —SMEMW, —-SMEMR Delay 40 ns
tD61 RAS Delay 35 ns
tD62 GATE245 Delay 40 ns —AEN1 Only
Notes: 1. Either —AEN1 or —~AEN2 forces -DMAAEN low.
2. During ~AEN2, -XBHE is low; during —~AEN1, -XHBE follows XAO inverted.
DMA MODE TIMING WAVEFORMS
—AEN1,
-AEN2
: —» tD55 ld— tD55
-DMAAEN \
-XIOR,
—XIOW

XDATADIR

4 1057 - D57
-IOR,

-IOW \
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DMA MODE TIMING WAVEFORMS (Cont.)

XAO

tD58 I tD58 '
—XBHE |

-XMEMW,
-XMEMR

tD59 , tD59 ,
DIR245

\ /

@ D60 € tD60
-MEMW,

~MEMR,
~SMEMW, \ /
~SMEMR

D61 l D61 '
RAS / ,
~XMEMW,

~XMEMR, .
~XIOR \

I¢ D62 ->| D62
GATE245 I\
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BUS MASTER MODE TIMING

Symbol Parameter Min Max Unit Condition

tD63 —XMEMR, -XMEMW from —-MEMR, —-MEMW Delay 250 ns

tD64 -SMEMR, -SMEMW from -MEMR, -MEMW Delay 239 ns

tD6é5 RAS from —-MEMR, ~-MEMW Delay 237 ns

tD66 —XIOR, —XIOW from —IOR, —IOW Delay 8 ns

tD67 XDATADIR from —IOR, —IOW Delay 8 ns

BUS MASTER MODE TIMING WAVEFORM

-MEMR,
—MEMW
_XMEMR, tD63 — |4— —»| |4 tD63
~XMEMW
_SVEMR D64 —p| €&  —»| |4 tDe4
—SMEMW
D65 —p| @  —»| |4 tD65
RAS
-IOR,
-IoW
tD66 —P» |<— —pi |4 tD66
—XIOR, _
~XIOW \ ]
XDATADIR D67 —» |<— —» |4 D67
\ /
NOTE

Note: XDATADIR goes low only for -IOR when XA9, XA8 are low and —NPCS is not active.
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REFRESH TIMING ] ,
Symboi Parameter Min Max Unit Condition
tSUs8 —REFRESH to PROCCLK Setup Time 20 ns
tD69 —REFEN from PROCCLK Delay Time 35 ns
-MEMR, -XMEMR, —-SMEMR from PRCCCLK

ib70 Delay Time 60 ns
REFRESH TIMING WAVEFORM
rrocok  \ ./ \/\/\N/\ S\ S\ S\ S\
A W VW e W e W VY
-REFRESH | tsues

—> tD69 —P @— tD69
—REFEN

/

_MEMR —p |<— tD70 —» [|[4-1D70
-XMEMR, \ /
-SMEMR
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NUMERICAL PROCESSOR INTERFACE TIMING
Symbol Parameter Min Max Unit Condition
tD71 -BUSY286 from —-BUSY287 Delay 35 ns
tH72 —ERROR from —BUSY287 Hold Time 15 ns
tSU73 —-ERROR to -BUSY287 Setup Time 20 ns
tD74 -BUSY286 from —IOW Delay 35 ns
tD75 RESET287 from —IOW Delay 35 ns
tSU76 XA Inputs to —IOW Setup Time 25 ns
tH77 XA Inputs from —IOW Hold Time 20 ns
tD78 XA Inputs to ~-NPCS Delay 35 ns
tD79 XA Inputs to —PPICS Delay 35 ns
NUMERICAL PROCESSOR INTERFACE TIMING WAVEFORM
-BUSY287 — 7_,___\__/
erron _—*| ¢ [+
Y \
_’t‘D71 —’1071 tD74
<— F —» [
-BUSY.
286 — _4_
-IoOW ~ \—/
tSu76
¥ M H H OT T TG CVAD D S
, tD75 —p»
RESET287 + 3
1078 — %‘m

-NPCS 1T D79 __

D79 — F—’l [
-PPICS
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AC TESTING - INPUT, OUTPUT WAVEFORM

INPUT OUTPUT
v \4
35V
15V ><1 5V
02V
<§———AC TEST POINTS————P)
AC TESTING - LOAD CIRCUIT
F DEVICE UNDER TEST
/ cL* __—

*Includes scope and jig capacitance.

AC TESTING - LOAD VALUES

Test Pin CL (pF)
49 200
39-42, 46, 50, 51, 65 150
20-22, 31, 34-37, 45, 47, 100
29 60
All Others 50
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ABSOLUTEMAXIMUMRATINGS

Ambient Operating

Temperature 0°C to +70°C
Storage Temperature —65°Cto+150°C
Supply Voltage to

Ground Potential -05Vto+7.0V
Applied Input

Voltage -05Vto+7.0V
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 absclute maxi-
mum rating conditions for extended
periods may affect device reliability.

DC CHARACTERISTICS: TA =0°Cto +70°C, VDD =5.0 V 5%, VSS =0V

Symbol Parameter Min Max ' Unit Condition

VOH Output High Voltage 24 Vv IOH =-3.3mA

VOL1 Output Low Voltage 0.45 \' IOL = 20 mA, Note 1

VOoL2 Output Low Voltage 0.45 \ IOL = 8 mA, Note 2

VOL3 Output Low Voltage 0.45 I0L = 2 mA, All Other Pins

VHH Input High Voltage 2.0 VDD + 0.5 Except POWERGOOD

VIL Input Low Voltage -0.5 0.8

VIHS Input High Voltage 4.0 VDD + 0.5 POWERGOOD, Schmitt-trigger
co Output Capacitance 8 pF

Cl Input Capacitance 8 pF

Clo Input/Output Capacitance 16 pF

iLOL Three-state Leakage Current -100 100 HA

j ] Input Leakage Current -10 10 pA Except —S0, =81, XTAL1(2), XTAL2(2)
ILis Input Leakage Current -0.5 0.01 BA -S0, -S1, Note 3

iLIX Input Leakage Current 50 50 HA XTAL1(2), XTAL2(2)

IcC Power Supply Current 20 mA Note 4

Notes: Pins 39-42 and 49-51.

Pins 20-22, 31, 34-37, 45-47 and 65.

Inputs = VSS or VDD, outputs not loaded.

1
2.
3. -S1 and —S0 have small pull-up resistors to VDD and source up to 0.5 mA when pulled low.
4
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PC/AT-COMPATIBLE MEMORY CONTROLLER

FEATURES

+ Fully compatible with IBM PC/AT-type
designs

+ Completely performs memory control
function in IBM PC/AT-compatible
systems

+ Replaces 20 integrated circuits on
PC/AT-type motherboard

+ Support 12 MHz system clock
+ Device is available as “cores” for
user-specific designs

* Designed in CMOS for low power
consumption

DESCRIPTION

The VL82C102A PC/AT-Compatible
Memory Controller generates the row
and column decodes necessary to
support the dynamic RAMs used in PC/
AT-type systems. In addition, the
device allows five motherboard memory
options for the user, up to a full 4M-byte
system. Four of the five options allow a
full 640k-bytes user area to support the
disk operating system (DOS). In
addition, the VL82C102A provides the
upper addresses 1o the l/O slots, the
chip select for the ROM and RAM

memory, and drives the system’s
speaker.

The device is manufactured with VLSI's
advanced high-perfcrmance CMOS
process and is available in a JEDEC-
standard 84-pin plastic leaded chip
carrier (PLCC) package. The
VL82C102A is part of the PC/AT-
compatible chip sets available from
VLS. Please refer to the Selector

Guide in the front of this manual.

BLOCKDIAGRAM ORDER INFORMATION
Part
~-DMAAEN #1 DR Number Package
XA0 - > FER |e » SAO . -
BUFFER VLB2C102A-QC | Plastic Leaded Chip
. Carrier (PLCC)
A17-A23 = . N ) ) ,
BUFEER > SA17-SA19 ote: Operating temperature range is
CPUA20 —» | —9qEnaBLE 0°Cto +70°C.
A20
A20GATE ——»] MUX >
CPUHLDA —q OE | LATCH
ALE :C> GATE
L ENABLE
D
QD —8 BUFFER & AEN
-MASTER —» DIR
BUFFER | » LA17-LAZ3
RAMALE @“ <>
LATCH }—» MA8S-MA9
RAMSELO —] . Ei6
RAMSEL1 —pt MEMORY g " PAREN
RAMSEL2 | _— DECODE > RASO
-REFRESH [—’ #{ LATCH —*< RAS{
ADDRSEL —> CASO
REFBIT9 CAS1
RESET L -LMEGCS
ouT2 > LATCH —-LCSOROM
XDO-XD7 PORT B > jn%% S?M
PORTBRD
% SPKRDATA
-IOCHCK m -
XMEMR \ __ ng:c M
~PARERRORJ  \vics > NMI
I — ENRAMPCK
XA16, XA4 ENIOCK
-PPICS
—ENA(SS1 ’ o PORTBWR }ﬁg%oéz
DECODE >
-XIOR < RTCAS
—XIOW RTCR-W
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PIN DIAGRAM
-0 RE RAM X P -E
CHCK SET ALE VDD NC selo MEMR Pics XIOW nNag
A20 DMA | -RE | -PAR RAM ADDR
GATE |OUT2 | AEN |FRESH|ERROR| VSS | sELt | XA4 |XIOR | Q1 | 'gp

o S o T o o O o s Y o N o I o N O N o o I O o N o O

/11109 8 7 6 5 4 3 2 1 8 83 82 81 80 79 78 77 76 75
CPUHLDA (] 12 ® 74 P REFBITY
CPUA20 (] 13 73 b RTCAS
-MASTER r1 14 72 b RTCDS
RAMALE ] 15 71 | RTCR-W
RAMSEL2 ] 16 70 b -CS8042
vss o 17 69 [ Vss
Fi6 [ 18 VL82C102A 68 1 NMI
RASO O] 19 67 [0 SPKRDATA
RAS1 ] 20 86 1 MA9
CASO ] 21 TOP VIEW 65 [ MA8
CAS1 O 22 64 [ VSS
-LMEGCS (] 23 63 b LA23
-LCSOROM [{ 24 ‘ 62 [0 LA22
-MDBEN O 25 61 [ LA21
VSS ] 26 60 [ LA20
SA0 O 27 59 b LA19
XAO0 [] 28 58 11 VSS
AEN [ 29 57 b LA18
VSS [ 30 56 O LA17
vDD (] 31 55 [ SA19
XDo [ 32 54 b sais
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

T OO0 o0 ogoooogooogoocogadunddud
XD1 IXD3IXDSIXD7|A23|A21 |A19|A17JVDD |PAREN|XA16

-LCS1
XD2 XD4 XD6 VSS A22 A20 A18 RoM SA17 VSS
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VL82C102A

SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

NC 2 No Connect

—-PARERROR 3 I Parity Error - A low true input used to indicate that a memory parity error
has occurred.

—-REFRESH 5 | Refresh - An active low input used to initiate a refresh cycle for the dynamic
RAMs.

ALE 6 | Address Latch Enable - This is a positive edge input that controls the

address latches which hold the address during a bus cycle. ALE is not
issued for a halt bus cycle.

-DMAAEN 7 | DMA Address Enable - This is an active low input. It is active whenever an
/O device is making a DMA access to the system memoty.

RESET 8 | Reset - This active high input signal is the system reset generated from a
POWERGOOD. It is synchronized to PROCCLK.

ouT2 9 1 Out 2 - The output of the timer conitrolier. ‘it can be read by the CPU on
Port B.

-IOCHCK 10 | /O Channel Check - This active low input is asserted by devices on the

expansion bus. It will generate a non-maskable interrupt if NMI is enabled.
—IOCHCK can be read by the CPU on Port B.

A20GATE 11 | A20GATE - Used to select the proper value for address bit 20. CPUA20 is
transmitted out as A20 if A20GATE is high, otherwise A20 is forced low.
CPUHLDA 12 | CPU Bus Hold Acknowledge - This input indicates ownership of the local

CPU bus. When high, this signal indicates that the CPU has three-stated
its bus drivers in response to a hold request. When low, it indicates that
the CPU bus drivers are active.

CPUA20 13 I CPU Address Bus Bit 20 - It is transmitted out as A20 if A20GATE is high.

-MASTER 14 ! Aaster - An active low input. 1t is asserted low by devices on the expan-
sion bus. A low indicates that another device is active.

RAMALE 15 | RAM Address Latch Enable - Used in the FASTMODE of operation. When
FASTMODE is inactive RAMALE is equal to ALE

RAMSEL2 16 | RAM Select 2 - Used with RAMSELG and RAMSEL1 to select the system
RAM configuration. .

F16 18 (0] An output that indicates a word memory access. It is used to inhibit
command delays during a 16 bit memory access.

RASO 19 8] RAM Address Select 0 - An active high output that is the select signal for
the lower address bank of RAM.

RAS1 20 0] RAM Address Select 1 - An active high output that is the select signal for
the upper address bank of RAM.

CASO 21 0] An active high output that is the select signal for the lower bank of RAM.

CAS1 22 O An active high output that is the select signal for the upper bank of RAM.

-LMEGCS 23 O Lower Megabyte Chip Select - An active low output that indicates that the
lower memory address space (0-1 megabyte) is selected.

-LCSOROM 24 0] Latched Chip Select 0 for ROM - An active low output that is the latched

chip select for the ROM address space.
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VL82C102A

SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal

Name Number Type Description

-MDBEN 25 o) Memory Bus Enable - An active low output that controls the direction of
data flow between the system and memory data buses. When -MDBEN is
high data flows from memory to system. When low, data flows from
system to memory.

SAO 27 o System Address Bus Bit 0 - This signal will be an output with the value of
XAO0 when ~-DMAAEN is low. It will be an input and drive XAO when
-DMAAEN = 1.

XA0 28 o Peripheral Address Bus Bit 0 - This signal is an output driven by SAQ when
-DMAAEN = 1, and an input driving SA0 when —-DMAAEN = 0.

AEN 29 0] Address Enable - This is an output signai for the expansion bus. it wili go
low when master is active or HLDA is inactive.

XD0-XD3 32-35 Yo Peripheral Data Bus Bits 0-3 - These are data bits for the peripheral bus.
They are outputs when Port B is being read; otherwise they are inputs.

XD4-XD6 36-38 o Peripheral Data Bus Bits 4-6 - These are data bits for the peripheral bus.
They are driven as outputs when Port B is being read, otherwise three-
stated.

XD7 39 o Peripheral Data Bus Bit 7 - An output when Port B is read, and an input
which enables NMI during an NMICS.

A17-A23 47-41 0] CPU Bus Bits 17-23 - These are the upper bits of the CPU address bus.
Outputs when ~-MASTER is low, inputs when ~-MASTER is high.

-LCS1ROM 48 o) Latched Chip Select 1 for ROM - The active low latched chip select output
for the high ROM address space.

PAREN 51 0] Parity check Enabled - Logical OR of CASO and CASH1, indicates a memory
access so parity check is enabled.

SA17-SA19 50, 54, 55 (0] System Address Bus Bits 17-19 - A17-A19 are latched by ALE and trans-
mitted out on these outputs when CPUHLDA is inactive. They are driven
directly by A17-A19 when CPUHLDA is active and -MASTER is inactive.
They are three-stated when -MASTER is active.

XA16 53 | Peripheral Address Bus Bit 16 - This switches between ~LCSOROM and
-LCS1ROM.

LA17, LA18, 56, 57 o System Address Bus Bits 17-23 - These are the upper bits of the system

LA19-LA23 59-63 address bus to the expansion slots. These pins are configured as outputs
when —~MASTER is high, and as inputs when —-MASTER is low.

MAS, MA9 65, 66 O DRAM Memory Address Bus Bits 8-9 - These outputs are the 8th and Sth
bit of the DRAM memory address. They are located on the VL82C102A to
allow system address mapping. REFBIT9 is multiplexed into MA8 during a
refresh cycle.

SPKRDATA 67 (0] Speaker Data - Output 1o be buffered by the 75477 and sent to the
speaker.

NMI 71 o Non-maskable Interrupt - This output is the non-maskable interrupt signal
for the CPU.

-CS8042 70 (o] Chip Select signal for the Keyboard Controller - This active low output is

the chip select signal for the keyboard controller programmable interface
device.

4-52



® VLSI TECHNOLOGY, INC.

VL82C102A

SIGNAL DESCRIPTIONS (Cont,)

Signal Pin Signal Signal

Name Number Type Description

-RTCRW 71 o Real Time Clock Signal for Read/Write - This is the read/write select output
signai for the real time clock. A high indicates a read operation and a low
write operation.

RTCDS 72 o} Real Time Clock Data Strobe - This is the data strobe for the real time
clock.

RTCAS 73 0] Real Time Clock Address Strobe - This is the address strobe for the real
time clock.

REFBITS 74 | Refresh Bit 9 - The carry out of the refresh counter. It is used to generate
arefresh for 1M DRAMSs. 1t is multiplexed out as MA8 when —-REFRESH is
active.

ADDRSEL 75 | Address Select - This input is a multiplex row/column select for the Memory
Address Bus drivers.

—-ENAS 76 | Enable Address Strobe - This active low input is used to enable the
address strobe on the real time clock. It will go low the first time —=S0 is
asserted after a system reset.

Q1 77 | Goes active during the second phase of a CPU bus cycle following the TS
state. It is used by the VL82C102A chip to generate the address strobe for
the real time clock.

-XIoOwW 78 | Input/Output Write - The active low input command to and from the
peripheral bus. Used to generate selects for the keyboard controller, real
time clock, and Port B.

-XICR 79 i Input/Output Read - The active low input command to and from the
peripheral bus. Used to generate selects for the keyboard controller, real
time clock, and Port B.

-PPICS 80 I Programmable Peripheral Interface Chip Select - An active low input used
to generate the chip select for the keyboard controlier.

XA4 81 | Peripheral Address Bus Bit 4 - An input used to generate selects for the
keyboard controller, real time clock, and Port B.

-XMEMR 82 | Memory Read - An active low input command to and from the peripheral
bus. This pin is used to determine the direction of data on the memory
data bus and to clock in parity check results.

RAMSEL1 83 | RAM Select 1 - This input is used with RAMSELO to designate the system
RAM configuration.

RAMSELO 84 I RAM Select 0 - This input is used with RAMSEL1 to designate the system
RAM configuration.

VDD 4, 31,49 System Power: 5V

VSS 1,17, 26, 30, System Ground

40, 52, 58, 64,
69
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VL82C102A

FUNCTIONAL DESCRIPTION

The VL82C102A Memory Controller
provides address buffering for the upper
address bits on the system and CPU
address buses. It generates chip selects
for the two possible RAM banks and the
two possible ROM banks. The
VL82C102A also contains the Port B
register logic to control the Non-Mas-
kable Interrupt signal and the speaker. It
also generates chip select decodes for
the keyboard controller and real time
clock.

MEMORY DECODES

The upper address bits A17-A23 and
XA16 are used to decode chip selects for
all on-board memory. The three option
inputs RAMSEL2, RAMSEL1, and
RAMSELDO are used to select one of five
possible memory mapping options.
Refer to Figure 1.

RAM SELECTS

The memory mapping options shown in
Figure 1 are used to generate the enable
signals for the RAS and CAS pulses to
the DRAMs. RASO and CASO are the
enables for Bank 0. RAS1 and CAS1
are the enables for Bank 1. These
signals will be active anytime the decode
on address bits A17-A23 fall in the
ranges shown in the memory maps. The
signals are latched by the input signal
RAMALE. The latches will be transpar-
ent while RAMALE is high and hold the
value in the latch while RAMALE is low.
The latch clocks will also be forced high
when CPUHLDA is active making the
latches transparent during all hold
acknowledge operations.

When —REFRESH is active, address bits
A17-A23 are ignored and both RASO and
RAS1 are forced active (high) while
CASO0 and CAS1 are forced inactive
(low).

MAS8 AND MAS

A17-A23 are also used to generate four
address bits for the upper address bits of
the DRAM memory space. These
address bits are also latched by the
combination of RAMALE and CPUHLDA
as described for the RAM selects. The
four latched address bits are then

multiplexed out on MA8 and MA9. MA9
is needed only if a memory mapping
option using 1M-bit DRAMs is selected.
REFBIT9 is multiplexed out onto MAS
during refresh cycles.

ROM SELECTS

The ROM address space is decoded
from A17-A23 and latched by ALE.
These latches are also forced transpar-
ent when CPUHLDA is active in the
same manner as the latches for the RAM
chip selects. This latched value is then
split into the two signals ~LCSOROM and
—LCS1ROM using the XA16 input. If two
banks of 32K by 16-bit words of ROM
are used, the XA16 input must by tied to
the XA16 signal on the system board to
select the proper bank based on the
value on XA16. If XA16 is low,
—LCSOROM will go active any time the
ROM address space is decoded. If
XA16 is high, -LCS1ROM is decoded.

In this configuration -LCSOROM selects
the address space from OE 0000 to OE
FFFF while ~-LCS1ROM selects the
address space OF 0000 to OF FFFF.
When only using one bank of 16K, 32K,
or 64K by 16-bit words of ROM, the
XA16 input can be tied high and
—LCS1ROM used to select the bank. In
this configuration ~LCSOROM will always
remain inactive while -LCS1ROM
selects the address space OE 0000 to OF
FFFF.

The ROM address space is duplicated at
FE 0000 to FF FFFF and the chip selects
will go active in the same manner as
described above in this address space.

UPPER ADDRESS BUFFERS

The VL82C102A provides buffer drive
capability to drive the card slots on the
IO signals LA17-LA23 and SA17-SA19.
The values on A17-A23 are passed
directly through to the LA17-LA23
outputs if -MASTER is high. [
—MASTER is low LA17-LA23 become
inputs and pass the value on those pins
to the A17-A23 bus.

A17-A19 are latched by ALE and driven
onto the SA17-SA19 bus whenever
CPUHLDA is low. When CPUHLDA is

high and -MASTER is high, the latch is
bypassed and A17-A19 is driven directly
to SA17-SA19. SA17-SA19 will be left
floating when CPUHLDA is high and
~MASTER is low.

ADDRESS BIT 20

Address bit 20 is handled differently than
the other address bits. The A20 signal
will be generated directly from CPUA20
(which should be connected to A20 on
the 80286 CPU) if the input A20GATE is
high. If A20GATE is low, the A20 signal
is forced low.

ADDRESS BIT O

A buffer transceiver between XAO and
SAQ is also provided on the VL82C102A.
If the input -DMAAEN is high, signal flow
is from SAQ to XAO. if -DMAAEN is low,
signal flow is from XAO to SAO.

PORTB

The Port B register in an AT-compatible
design is located on the VL82C102A. k-
can be read or written to with an /O
command to address 61 hex. Port Bis
used to control the speaker and mask
out NMI sources. It can be read to find
status of -REFRESH, speaker data, and
possible sources of NML.

/0 DECODES

The VL82C102A provides the chip select
signals for the on-board I/O peripherals
(keyboard controller and real time clock).

NMI LOGIC

The logic necessary to control the Non-
Maskable Interrupt (NMI) signal to the
processor is contained in the
VL82C102A. An NMI can be caused by
a parity error from the system board
DRAM or if an VO adapter pulls the input
IOCHCK low. These two possible
sources can be individually enabled to
cause an NMi by setting the appropriate
bits in the Port B register. At power-up
time, the NM! signal is masked off. NMI
can be masked on by writing to 1/0
address 070 hex with bit 7 low, or
masked off by writing to 1/0 address 070
hex with bit 7 high.
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VL82C102A

FIGURE 1. MEMORY MAP OPTIONS

00 0000
128K BYTES

03 FFFF

040000 SYSTEM BOARD RAM 512K

07 EFFF

08 0000

25 2000 SYSTEM EXPAN. TO 640K

OA 0000 GRAPHICS DISPLAY BUFFER

\ T F

0C 0000

oD FREE /O ADAPTERS ROM

OE 0000 l | | SYSTEM BOARD ROM

OF FFFF ™ B ] e ——————

10 0000

sl S ] 25 FFFF
15 FFFF 25 FFFF
45 FFFF
:&: ;&: :%: = :&:
FE 0000 DUPLICATE ASSIGNMENT
FF FFFFI FOR SYSTEM BOARD ROM
18 X 256K 18 X 256K 18 X 256K 18 X 1M 18X1M  BANKOEZD
18 X 84K 18 X 256K 18 X 1M BANK 1
000 001 010 011

100 RAMSEL2, RAMSEL1, RAMSELO
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VL82C102A
AC CHARACTERISTICS: TA=0°Cto+70°C,VDD =5V +5%,VSS=0V
PERIPHERAL CONTROL TIMING
Symbol Parameter Min Max Unit Condition
tD1 SPKRDATA Output Delay 40 ns CL = 50 pF
tD2 NMI Output Delay 40 ns CL =100 pF
tD3 RTCDS, -RTCR/W, —CS8042 Output Delays 35 ns CL =50 pF
tD4 RTCAS Output Delay 40 ns CL = 50 pF

PERIPHERAL CONTROL TIMING WAVEFORMS

ouT2
-ENAS

&}
-PPICS ><
XA4, XAO

-XIOW
—XIOR §— tD3

RTCDS
-RTCR/W
-CS8042

< tD4

RTCAS

g tD1 %l

SPKRDATA >K

-XIowW
-PARERROR
-I/fOCHCK

tD2

NMI

4-56



® VLSI TECHNOLOGY, INC.

XDBUSTIMING
Symboi Parameter Min Max Unit Condition
tD5 XD Bus Delay 40 ns XD = Cutput
tH6 XD Bus Hold Time 6 ns XD = Output
tSU7 XD Bus Setup Time 20 ns XD = input
tH8 XD Bus Hold Time 12 ns XD = Input
XD BUS TIMING WAVEFORMS
Output |
-XIOR
XA4
-PPICS
tD5 b‘ tH6
XD BUS
GH Z VALID DATA QUT HIGH 2
(OUTPUT) Hi >K
Input
—XIoOW
XA4
-PPICS
4—— 1SU7 tH8
XD BUS VALID DATA IN
(INPUT)
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VL82C102A
ADDRESS CONTROL TIMING
Symbol Parameter Min Max Unit Condition
tD9 F16 Output Delay 40 ns CL = 50 pF
tD10 RAS0/1, CAS0/1 Delay from A17-A23 45 ns CL = 50 pF, RAMALE High
tD11 RASO0/1, CAS0/1 Delay from RAMALE 24 ns
D12 -LMEGCGS Delay from ALE 30 ns CL = 50 pF
tD13 -LCS1ROM, —LCSOROM Delay from ALE 35 ns CL =50pF
tD14 -LCS1ROM, —LCSOROM Delay from A16 20 ns CL =50 pF
tD15 MDBEN Output Delay 30 ns CL = 50 pF
tD16 AEN Output Delay 35 ns CL = 150 pF

Note: RAMSELO, RAMSEL1, and RAMSEL?2 are assumed setup one processor clock before the user generates any memory
control signals. These inputs are normally strapped to VDD or VSS in a system.

ADDRESS CONTROL TIMING WAVEFORMS

A17-A23 4
—REFRESH >§_
N
¢—— D9
F16
RASO/1 < tD10
CASO/
(WITH RAMALE
HIGH)

RAMALE Jﬁ \

¢ tD11 >

RASO/1 g
CASO/1
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VL82C102A

ADDRESS CONTROL TIMING WAVEFORMS (Cont.)

ALE / \

—/
< D12 >
A
—LMEGCS >§_
N
< D13 >
—LCSOROM -
-LCS1ROM A
XA16 ><
< D14 ——pp
~LCSOROM -
—LCS1ROM

~XMEMR N\ I /l‘
tD15—>l e— 15—
~MDBEN /‘

CPUHLDA B
-MASTER -

<4 tD16 >

AEN ><
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VL82C102A
ADDRESS BUS TIMING
Symbol Parameter Min Max Unit Condition
D17 MAS8, MA9 Delay from RAMALE 24 ns CL = 150 pF
tD18 MAS8, MA9, Delay from ADDRSEL 6 17 ns Note, CL = 150 pF
tD19 MAS8 Delay from REFBIT9 27 ns —-REFRESH =0
tSuU20 A17-A23 Setup to ALE, RAMALE 45 ns
tH21 A17-A23 Hold 10 ns
tD22 XAO0/SAO Delay 35 ns CL = 50 pF SAQ, CL - 100 pF XAO
tD23 SA17-SA19 Delay 40 ns CL = 200 pF, CPUHLDA = 1, -MASTER = 1
tD24 SA17-SA19 Delay from ALE 35 ns CL = 200 pF, CPUHLDA =0
tD25 LA17-LA23 Delay 40 CL = 200 pF, -MASTER =1
tD26 A17-A23 Delay 40 CL = 50 pF,-MASTER = 0

Note: tD18 delay may be derated by a factor of .04 ns/pF for heavier loads.

ADDRESS BUS TIMING WAVEFORMS

RAMALE 7_ NOTE
1SU20
NOTE
1SU20 — tH21
A17-A23 >< VALID >< >< VALID
44— tD17
MAS, MA9 VALID ADDRESS
ADDRSEL \
D18
MA8, MA9 VALID ADDRESS

AN

REFBITY N\
(-REFRESH = 0)

<4— D19 @— D19
MA8

Note: tSU20 is specified with respect to the falling edge of RAMALE to guarantee the correct address decodes will be latched
in. tSU20 is shown with respect to the rising edge of RAMALE to show time required for address decodes such that
propagation delays tD17 and tD11 will be valid. The time does not have to be met with respect to the rising edge for
correct functionality.
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ADDRESS BUS TIMING WAVEFORMS (Cont.)

SAO
(INPUT)
(-DMAAEN = 1)

tD22 —§» I

XAO
(OUTPUT) VALID

XAQ
(INPUT)

(-DMAAEN = 0) 022 —4
SA0
(OUTPUT) VALID

A17-A19

SA17-SA19

A AN

4— tD24—p»

SA17-SA19 >£

A17-A23
(INPUT) \
(-MASTER = 1)

tD23 l& 1023 —pp]
VALID X

tD25

LA17-LA23 VALID ADDRESS

LA17-LA23
(INPUT)
(-MASTER = 0) {D26

A17-A23 VALID ADDRESS
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ADDRESS BUS TIMING WAVEFORMS (Cont.)

LA17-LA23

(INPUT)

(-MASTER = 0) D26

A17-A23 VALID ADDRESS

MISCELLANEOUS INPUT TIMING

Symbol Parameter Min Max Unit Condition
t27 Min High (Active) Time on RESET 100 ns

128 Min Low time for -XMEMR 40 ns

MISCELLANEOUS INPUT TIMING WAVEFORMS

RESET o7

-XMEMR 128

4-62



® VLSI TECHNOLOGY, INC.
VL82C102A

AC TESTING - INPUT, OUTPUT WAVEFORM

INPUT OUTPUT
\ 4 v
35V
1.5V X1 Y
0.2V
<§———AC TEST POINTS———p|

AC TESTING - LOAD CIRCUIT
DEVICE UNDER TEST

-
7 e

*Includes scope and jig capacitance.

AC TESTING - LOAD VALUES

Test Pin CL (pF)
27, 29, 50, 54-57, 59-63 200
65, 66 150
28, 32-39 100
All Others 50
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VL82C102A

ABSOLUTEMAXIMUMRATINGS

Ambient Operating

Temperature 0°Cto+70°C
Storage Temperature —65°Cto+150°C
Supply Voltage to

Ground Potential -05Vto7.0V
Applied Input

Voltage -0.5Vto+7.0V
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 maximum
rating conditions for extended periods
may affect device reliability.

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

Symbol Parameter Min Max Unit Condition

VOH Output High Voltage 24 \ IOH =-3.3mA

VOL1 Output Low Voltage 0.45 Vv %\B jé? :‘-ASM 9, AEN, LA17-LAZS,
voL2 Output Low Voltage 0.45 \Y %l'\_s; ’g':;?A F16, XA, XD0-XD7,
VOL3 Output Low Voltage 0.45 \ All Other Pins, IOL =2 mA

VIH Input High Voltage 2.0 VDD + 0.5 v Except ~REFRESH

VIL Input Low Voltage -05 0.8 v Except ~REFRESH

VIHS Input High Voltage 35 VDD + 0.5 \ —REFRESH, Schmitt-trigger
VILS Input Low Voltage -05 0.6 v —REFRESH, Schmitt-trigger

co Output Capacitance 16 pF

cl Input Capacitance 8 pF

ClO Input/Output Capacitance 16 pF

ILOL Three-state Leakage Current -100 100 HA

ILI Input Leakage Current -10 10 HA

IcC Power Supply Current 25 mA Note

Note: Inputs = VSS or VDD, outputs are not loaded.
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VL82C103A

FEATURES

* Fully compatible with IBM PC/AT-type
designs

+ Completely performs address buffer
function in IBM PC/AT-compatible
systems

* Replaces several buffers, latches and
other logic devices

+ Supports up to 12 MHz system clock

Atsima in avsailabela oo s 9 L
= Device is available as “cores” for

user-specific designs

+ Designed in CMOS for low power
consumption

PC/AT-COMPATIBLE ADDRESS BUFFER

DESCRIPTION

The VL82C103A PC/AT-Compatible
Address Buffer provides the system
with a 16-bit address bus input from the
CPU to 41 buffered drivers. The
buffered drivers consist of 17 bidirec-
tional system bus drivers, each capable
of sinking 20 mA (50 ‘LS loads) of
current and driving 200 pF of capaci-
tance on the backplane; 16 bidirectional
peripheral bus drivers, each capable of
sinking 8 mA (20 ‘LS loads) of current;
and eight memory bus drivers, also
capable of sinking 8 mA of current. On-
chip refresh circuitry supports both

256K-bit and 1M-bit DRAMs. The
VL82C103A provides addressing for the
I/O slots as well as the system.

The device is manufactured with VLS!'s
advanced high-performance CMOS
process and is available in a JEDEC-
standard 84-pin plastic leaded chip
carrier (PLCC) package. The
VL82C103A is part of the PC/AT-
compatible chip ssts available from
VLSI. Please refer to the Selector
Guide in the front of this manual.

BLOCK DIAGRAM ORDER INFORMATION
A1-A16 » D Q I~ :3“ . Pack
umber ackage
LATCH ¢——» SAO-SA16
Al-18 ! VL82C103A-QC | Plastic Leaded Chip
ALE GATE Carrier (PLCC)
CPUHLDA — ENABLE
o—[}— Note: Operating temperature range is
O 0,
SA0-SAB |
RESET CLR Q >
9BIT
COUNTER
-REFEN —d ENABLE
D GATE Bm L -[>—> MAO-MA7
ADDRSEL ! SELO
-REFRESH = »{ SEL1
> LATCH »{ ENABLE
¢ At-16 QA
RAMALE » REFBIT9
) » BALE
w i
-BHE D Q1
LATCH - I?_
$—» —XBHE
GATE2 _%}_
e—q ENABLE
~._
D—ﬁ ¢+ —SBHE
-BUSY287 » bECODE
-ERROR > » IRQ13
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PIN DIAGRAM

RAMALE A10 A12 Al4 A16  IRQ13 XA2 XA4 XA6  XA8

1 1
-BUSY
287 A9 A1 A13 A15

|VDD|XA1|XA3|XA5‘XA7|VSS
i O o A o Y o Y o N o T o T o A o B 0 | 1
7 6 5 4 3 2

O N0 n oo n @M
/11 10 9 8 1 84 83 82 81 80 79 78 77 76 75
—BHE O] 12 ® 74 b XA9
As O 13 73 b XA10
A7 o 14 72 b XAt
A6 o 15 71 b XA12
As o 16 70 b XA13
A4 O 17 69 [ XA14
A3 ] 18 VL82C103A 68 [ XA15
A2 ] 19 67 [ XA16
A1 O 20 66 | —-XBHE
vss o 21 TOP VIEW 65 [ VSS
ALE O] 22 64 11 MA7
CPUHLDA ] 23 63 1 MA6
_DMAAEN ] 24 62 0 MAS
_REFRESH ] 25 61 [ MA4
—REFEN (] 26 60 [ MA3
ADDRSEL O] 27 50 [ MA2
RESET o 28 58 1 MAT
—ERROR [ 29 57 [ MAO
REFBITO [ 30 56 b VDD
VDD O 31 55 [ BALE
-SBHE O 32 54 1 vss
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

L.ILIL!I_JLII_ILJL_IL.II_IL.IL]LJLJLJL!LILILJULI
VSSlSA15|SA13| vsslsmo‘ SA8|SA7ISA5|VSS|SA2‘SAO

SA16 SA14 SA12 SA11 SA9 VDD SA6 SA4 SA3  SA1
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SIGNAL DESCRIPTIONS

Signal
Name

Pin
Number

Signal
Type

Signal
Description

A1-A8,
AS-A16

RAMALE

-BUSY287

-BHE

ALE

CPUHLDA

-DMAAEN

~REFRESH

-REFEN

ADDRSEL

RESET

-ERROR

REFBITS

-SBHE

SA0-SA16

20-13
9-2

10

11

12

22

23

24

25

26

27

28

29

30

32

53-50, 48-45
43-40, 38-34

Vo

o

CPU Address Bus Bits 1-16 - The lower 16 bits of the CPU address

bits. These are muitipiexed to the System Address Bus for the siots SA1-
SA16, the Memory Address Bus MA0O-MA?7 and the Peripheral Address Bus
XA1-XA16.

RAM Address Latch Enable - This positive edge input controls the address
latch for the Memory Address bus outputs (MAG-MA7). When used with
the System Cantroller Chip, in FASTMODE, RAMALE will open the
memory address latches at the same time a -MEMR or a -MEMW is
generated. If FASTMODE is not used, RAMALE is the same as ALE. The
memory address latches are open when RAMALE is in the high state.

Busy 287 - A busy status input that is asserted by the 80287 to indicate
that it is currently executing a command.

Bus High Enable - This is the active low input signal from the 80286 micro-
processor which is used o indicate a transfer of data on the upper byte on
the data bus, D8-D15.

Address Latch Enable - This positive edge input controls the address
latches which hold the address during a bus cycle. ALE is not issued for a
halt bus cycle. All latches are open when ALE is in the high state.

CPU Hold Acknowledge - This active high input indicates ownership of the
local CPU bus. When high, this signal indicates that the CPU has three-
stated its bus drivers in response to a hold request. When low, it indicates
that the CPU bus drivers are active.

DMA Address Enable - This is an active low input which is active whenever
an |/O device is making a DMA access to the system memory.

Refresh - An active low input which is used to initiate a refresh cycle for the
dynamic RAMSs. It is used to clock a refresh counter which provides
addresses during the refresh cycle.

Refresh Enable - An active low input that will be asserted when a refresh
cycle is needed for the DRAMs.

Address Select - This is a multiplex select for the Memory Address Bus
drivers. When ADDRSEL is low, the lower order address bits are selected.
When high, the high order address bits are selected.

Reset - This active high input signal is the system reset generated from a
POWERGOOD. It is synchronized io PROCCLK and used io reset the
refresh counter.

Error - This is an active low input which indicates an error has occurred
within the 80287 coprocessor.

Refresh Bit 9 - This is the MSB of the refresh counter. When used with the
Memory Controller chip a refresh address will be generated for 1M byte
DRAMs.

System Bus High Enable - This is the system /O signal used to indicate
transfer of local data on the upper byte on the local data bus, D3-D15.
~SBHE is active low and will be in input mode during bus hold acknowl-
edge.

System Address Bus Bits 0-16 - SAO will be active only during a
refresh cycle otherwise it will be three-stated (input mode).
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SIGNAL DESCRIPTIONS (Cont,)

Signal Pin Signal Signal

Name Number Type Description

BALE 55 0] Buffered Address Latch Enable - An active high output that is used to latch
valid addresses and memory decodes from the 80286. System addresses
SAO-SA16 are latched on the falling edge of BALE. During a DMA cycle
bale is forced active high.

MAO-MA7 57-64 0 DRAM Memory Address Bus Bits 0-7 - This 8-bit output is multiplexed
using ADDRSEL o give a full 16-bit address.

XA1-XA16 83-76, 74-67 1o Peripheral Address Bus Bits 1-16 - These I/Os are used to control the
coprocessor, keyboard, ROM memory and the DMA controllers.

-XBHE 66 o Transfer Byte High Enable - This is an active low I/O used to allow the
upper data byte to be transferred through the bus transceivers.

IRQ13 84 (@] This is an active high output which indicates an error has occurred within
the 80287 coprocessor.

vDD 1, 31, 44,56 System Supply: 5V

VSS 21, 33, 39, 49, System Ground

54, 65, 75

FUNCTIONAL DESCRIPTION
The VL82C103A is part of a five chip

set which together perform all of the on-
board logic required to construct an IBM
PC/AT-compatible system. The PC/AT-
Compatible Address Buffer replaces
several bus transceivers and address
data latches located within the PC/AT-
type system. The DRAM refresh
circuitry is also located on this device.

The primary function of the Address
Buffer is to multiplex the 80286 micro-
processor address lines (A1-A16) to the
system address bus (SA1-SA16), the
peripheral address bus (XA1-XA18),
and the memory address bus (MAO-
MA?7). This is accomplished through
two sets of 16-bit wide, positive edge
triggered latches and a group of data
multiplexors. The two groups of laiches
can be seen in the block diagram of the
device. One set of latches have their
output enabled with CPUHLDA and are
gated with ALE. This set of latches
drive the SA and XA bus outputs.
Another parallel set of latches are
multiplexed into the MA lines and are
gated with RAMALE. RAMALE is an
early ALE signal which is generated

inside the System Controller chip.
When FASTMODE is enabled,
RAMALE becomes active as soon as a
-MEMR or -MEMW signal is generated
(typically one PROCCLK earlier than
ALE). This allows more setup time for
the address to be multiplexed to the
DRAMs. If FASTMODE is not enabled,
RAMALE and ALE are identical signals.
If the VL82C103A is not used in
conjunction with the other PC/AT-
devices, RAMALE and ALE should be
wired together to provide maximum
PC/AT-compatibility.

The device also provides for address
flow between the SA, XA, and MA
buses and the —XBHE and -SBHE
signals. This control flow is arbitrated
with the CPUHLDA, -DMAAEN, and
—REFEN inputs and is shown in
Tablel.

Memory addresses are multiplexed
from the SA and A bus sources and are
controlled via the CPUHLDA,
—REFRESH, and ADDRSEL inputs.
The mapping and control is shown in
Table 2.

A 9-bit refresh counter is provided on
this device. This allows support for
DRAMs of up to 1M-bit in size. The
refresh counter is clocked on the rising
edge of the -REFRESH input. A
latched register inside the counter
latches in the current state of the
counter on the falling edge of -REFEN
and transfers this value to the internal
bus which routes to the SA and MA bus
outputs. The SAQ output is provided
only for refresh purposes and is driven
only during this time. During a refresh
the SA and MA bus outputs are driven
from the output of the refresh counter
latch Q0-Q8. Refer to Table 3 for the
mapping of the refresh counter to the
bus lines.

Note that all SA bus lines are driven
during a refresh cycle. ADDRSEL is not
normally toggled during a refresh cycle
but is shown in Table 3 for complete-
ness of the logic implementation. The
REFBITY signal is the Q8 output of the
refresh counter. This is output to the
Memory Controller chip which controls
the upper MA address lines. This is
required only for the refresh of 1M-bit
DRAMs.
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TABLE 1. INTERNAL BUS CONTROL DECODE
CPUHLDA | -DMAAEN | -REFEN | A | SA| XA| MA| -XBHE | -SBHE
0 1 1 | 0 o) o) (0] 0]
1 0 1 i o) i 0 i o]
1 1 0 | (o) o) o o) |
1 1 1 I | 0 (o) o) i
I = Input Mode
O = Output Mode
TABLE 2. MEMORY ADDRESS MAPPING
Mux Control Input MA Bus
CPUHLDA | -REFRESH ADDRSEL MA? MAOC-MAS
1 0 0 SA8 SA1-SA7
1 0 1 SA16 SA9-SA15
0 X 0 A8 A1-A7
0 X 1 A16 A9-A15
X = Don't Care
TABLE 3. REFRESH ADDRESS MAPPING
Mux Control Input MA Bus SA Bus
CPU -REF ADDR MAO- SA9- SAO-
HLDA EN SEL MA7 MAs SA15 SA8
i 0 0 Qo Q1-Q7 0] Qo0-Q8
1 0 1 0 0 0 Qo0-Q8
AC CHARACTERISTICS: TA =0°Cto +70°C, VDD = 5V + 5%, VSS = 0 V
CPU MODE TIMING
Symbol Parameter Min Max Unit Condition
t1 CPUHLDA to SA Bus from High Z to Valid Add Out 35 ns
12 CPUHLDA to SA Bus High Z State 35 ns
13 CPUHLDA to —=SBHE from High Z to Valid Output 35 ns
t4 CPUHLDA to ~SBHE High Z State 35 ns
5 ALE to SA Bus Valid Address 40 ns CL = 200 pF
6 ALE to XA Bus Valid Address 40 ns CL = 100 pF
t7 ALE to —-SBHE Bus Valid Address 40 ns CL = 150 pF
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CPU MODE TIMING WAVEFORMS
—\ a7
CPUHLDA /
~
< t1 \ g — 12 —P
SA BUS HIGH Z >< VALID ADDRESS >< HIGH Z
< 13 —» — 14 —P
-SBHE HIGH Z >\/ VALID OUTPUT >< HIGH Z
—
ALE / \
d t5
SA BUS VALID ADDRESS
. < 16 —
XA BUS N\ VALID ADDRESS
_/ <
< 17 —»
-SBHE \< VALID QUTPUT
_/
SYSTEM BUS MODE TIMING
Symbol Parameter Min Max Unit Condition
18 SA Bus In to XA Bus Out 40 ns CL =100 pF
t9 SA Bus In to MA Bus Out 40 ns CL = 150 pF

SYSTEM BUS MODE TIMING WAVEFORM

SABUS ><

i 18
XA BUS

e 19
MA BUS

4-70



® VLSI TECHNOLOGY, INC.

DMA MODE TIMING
Symboi Parameter Min Max Unit Condition
110 —-DMAAEN to XA Bus High Z State 35 ns
111 —DMAAEN to XA Bus from High Z to Valid Add Out 35 ns
12 -DMAAEN to —XBHE High Z State 35 ns
113 ~DMAAEN to —XBHE from High Z to Valid Output 35 ns
t14 XA Bus to SA Bus Out 40 ns CL = 200 pF
t15 XA Bus In to MA Bus Out 40 ns CL = 150 pF
116 —XBHE In to —-SBHE Out 40 ns CL = 150 pF
DMA MODE TIMING WAVEFORMS
v

-DMAAEN /

.

<4 t10 — t11 n

VALID
IG

XA BUS VALID OUTPUT INPUT (HIGH Z) OUTPUT

i ti2 — 113

VALID
- G
XBHE VALID OUTPUT INPUT (HIGH Z) OUTPUT
XA BUS ><
< t14
SABUS
<4 115
MA BUS
—XBHE
t16

-SBHE
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REFRESH TIMING
Symbol Parameter Min Max Unit Condition
t17 ~REFEN to XA Bus Valid Add Out 35 ns CL = 100 pF
t18 -REFEN to SA Bus Valid Add Out 35 ns CL = 200 pF
t19 —REFEN to MA Bus Valid Add Out 35 ns CL = 150 pF
t20 —REFEN to SA Bus from High Z to Valid Add Out 35 ns
21 —REFEN to SA Bus High Z Out 35 ns
REFRESH TIMING WAVEFORMS
-REFEN \ /

N

¢ t17
XA BUS

<4 118
SABUS

< 119
MA BUS
—REFEN

120 t21

SABUS HIGH Z VALID ADDRESS HIGH Z
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ADDRESS TIMING
Symbol Parameter Min Max Unit Condition
t22 ADDRSEL to MA Bus Out 6 17 ns CL = 150 pF
Note: 122 delay may be derated by a factor of .04 ns/pF for heavier loads.
ADDRESS TIMING WAVEFORM

|
ADDRSEL

t22 D'

MAO-7 *
SETUP & HOLD TIMING
Symbol Parameter Min Max Unit Condition
tSU23 A Bus to RAMALE and -BHE to ALE Setup Timing 10 ns
tH24 A Bus to RAMALE and -BHE to ALE Hold Timing 10 ns

SETUP & HOLD TIMING WAVEFORM

RAMALE, /
ALE
tSU24 tHes
ABUS,
-BHE
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RAMALE, BALE &IRQ13 TIMING

Symbol Parameter Min Max Unit Condition
t25 RAMALE to MA Bus Out 24 ns CL = 150 pF
126 ALE, CPUHLDA to BALE Out 25 ns CL = 200 pF
27 -ERROR, -BUSY287 to IRQ13 Out 25 ns CL =50pF
128 —XBHE Valid from ALE 22 ns CL = 100 pF

RAMALE TIMING WAVEFORM

RAMALE \
125

MAO-7

BALE TIMING WAVEFORM

ALE,
CPUHLDA
< 126

BALE

IRQ13 TIMING WAVEFORM

-ERROR
-BUSY287
<— 127

IRQ13

—-XBHE TIMING WAVEFORM

ALE \
4 28

-XBHE
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AC TESTING - INPUT, OUTPUT WAVEFORM

INPUT OUTPUT
v v
3.5V
15V X1 5V
0.2V
< @———AC TEST POINTS————P»f

AC TESTING - LOAD CIRCUIT

~
/

DEVICE UNDER TEST

cr -

*“Includes scope and jig capacitance.

ACTESTING - LOAD VALUES

Test Pin CL (pF)
32, 34-38, 40-43, 45-48, 50-53, 55 200
57-64, 66 150
67-74, 76-83 100
75
84, 30 50
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ABSOLUTEMAXIMUM RATINGS

Ambient Operating

Temperature 0°C to +70°C

Storage Temperature —65°C to +150°C

Supply Voltage to

Ground Potential -05Vto7.0V
Applied Input

Voltage -05Vto+7.0V
Power Dissipation 500 mW

Stresses above those listed may cause
permanent damage o 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=5V+5%,VSS=0V

Symbol Parameter Min Max Unit Condition

VOH Output High Voltage 24 A IOH = -3.3 mA

VOL1 Output Low Voltage 0.45 Vv IOL =8 mA, Notes 1 &3
voL2 Output Low Voltage 0.45 v IOL =20 mA, Notes 2 & 3
VIH Input High Voltage 2.0 VDD + 0.5 \'

VIL Input Low Voltage -05 0.8 v

VIHC Input High Voltage 3.8 VDD + 0.5 \" ALE, RAMALE

VILC Input Low Voltage -0.5 0.6 v ALE, RAMALE

cO Qutput Capacitance 8 pF

cl Input Capacitance 8 pF

CIO Input’Output Capacitance 18 pF

ILOL Three-state Leakage Current -100 100 RA

Ll Input Leakage Current -10 10 HA

icc Power Supply Current 20 mA

Notes: 1. Pins 57-64, 66-74, and 76-83.

2. Pins 32, 34-38, 40-43, 45-48, and 50-53, 55.
3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOL (max) = 2 mA.
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PIN DIAGRAM
DI3 Di2 VSS D3 D2 D1 DO XD7 XD5 XD3

DslDs|D4|D11lo1o|Dginslvoolxoslxmlxoz

N O N Oonnnooop o n Qo M’ @;.n 0.0 Q0o n 0O

/11 10 9 8 7 6 5 4 3 2 1 84 83 8 81 80 79 78 77 76 75
D14 [ 12 Py 74 b XD1
D7 ] 13 73 b XDoO
D15 ] 14 72 b vsS
-XMEMR 0 15 71 B MDi5
CNTLOFF [ 16 70 b MD14
-DENLO d 17 69 b MD13
-DENHI O 18 VL 820104 68 O MD12
DIR245 ] 19 67 b MD11
GATE245 O 20 66 [ MD10
DT-R O 21 TOP VIEW 65 O MD9
-MDBEN [ 22 64 b MD8
-PARERROR ] 23 63 b vss
XA0 ] 24 62 b MD7
-XBHE O 25 61 b MDs
MDPOUTO ] 26 60 b MDs
MDPOUT1 o 27 50 b MD4
MDPINO ] 28 58 b MD3
MDPIN1 ] 29 57 b MD2
XDATADIR O 30 56 b MD1
AEN d 31 55 b MDO
PAREN [ 32 54 1 voD

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

LS | ] | I I § LI |} [ O U o L | N
VSS T SD6 T SD4 | SD3 T SD1 TVDD T SD9 TSDH l ssz so14T Vss

sD7 SD5 VSS SD2 SDo SD8 SD10 VSS SD13 SD15
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SIGNAL DESCRIPTIONS

Signali Pin Signal Signal

Name Number Type Description

CNTLOFF 16 i CNTLOFF - This input is used as a clock to latch the current data on the
low byte of the system data bus. Data is latched on the rising edge of
CNTLOFF and is independent of the status of DT/~R, XA0, or -DENLO.

DT~-R 21 | Data Transmit (high)/Receive (low) - This input is a signal from the
82C288. |t establishes the direction of data flow to or from the system data
bus.

~DENLO 17 i Data Enabie Low - An active low input that enables a low byte daia transfer

on the CPU data bus low byte transceiver.

XAQ 24 | Peripheral Address Bus Bit 0 - This is the LSB of the peripheral address
bus. The signal is used throughout the system to indicate low or high byte
data transfers. It is used to enable the low byte memory data transceiver
and to select latched or immediate data out of the CPU low byte bus
transceiver. It is also used to enable low byte parity checking.

-MDBEN 22 i Memory Data Bus Enable - An active low input that is used to set the
direction of the memory data bus transceiver. ~-MDBEN = 0 indicates a
memory write cycle while -MDBEN = 1 is a memory read cycle.

XDATADIR 30

Transceiver Data Direction - This input is used to select the direction of the
peripheral data bus transceiver. XDATADIR = 0 indicates a DMA write to
the system data bus while XDATADIR = 1 is used for a DMA read from the
system data bus.

AEN 31 1 Address Enable - An active high input that is used to disable the DMA data
bus transceiver while the DMA controller is using the peripheral data bus
for address information.

DIR245 19 | Direction 245 - An input control signal used to set the direction of the high/
low system data bus transceiver. This is used for high to low, or low to
high data byte moves.

GATE245 20 | Gate 245 - An active low input that enables the high/low system data
transceiver.

—DENHI 18 I Data Enable High - An active low input that enables a high byte data

transfer on the CPU data bus high byte transceiver.

-XBHE 25 | Transfer Bus High Enable - An active low that indicates a transfer of data
on the upper byte of the memory data bus. lt is used to enable the high
byte memory data trancsiver and to enable high byte parity checking.

-XMEMR 15 | Memory Read Enable - An active low input signal that indicates when a
memory read cycle is occurring. It is used to disable the MDPOUTXx
signals during a memory write and to latch in the detected parity error
signal during a memory read.

MDPOUTO 26 [ Memory Data Parity Out O - An active high input that is the output of the
stored memory parity data. |t is checked for parity errors with the low byte
of data read from memory.

MDPOUTH1 27 | Memory Data Parity Out 1 - An active high input that is the output of the
stored memory parity data. It is checked for parity errors with the high byte
of data read from memory.

MDPINO 28 O Memory Data Parity In 0 - An active high output that is the parity input to
the system board memory. It is generated from the current low byte data
on the memory data bus.
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal
Name Number Type Description
MDPIN1 29 0] Memory Data Parity In 1 - An active high output that is the parity input to
the system board memory. It is generated from the current high byte data
on the memory data bus.
PAREN 32 l Parity Enable - This active high input is used to enable the parity data latch.
It is used to prevent false parity errors when ROM memory access occur.
~PARERROR 23 O Parity Error - An active low output that is used to indicate that a memory
parity error has occurred. This signal is latched by -XMEMR and is valid
until the next memory access.
MDO-MD15 55-62, 64-71 o DRAM Memory Data bus bits 0-15 - These are 1/O signals.
XDo-XD7 73-80 1o Peripheral Data Bus Bits 0-7 - /O’s used to control the coprocessor, key-
board, ROM memory and the DMA controllers.
Do-D15 82, 84, 2, 4, o CPU Data Bus Bits 0-15 - This is a bidirectional bus controlled by the
7,9,11,13 DT/-R input.
83,1,3,5,8
10,12,14
SDo-SD15 42-39, 37-34 o System Data Bus Bits 0-15 - These are I/O signals.
44-47, 49-52
VDD 43, 54, 81 System Power: 5V
VSS 6, 33, 38, 48 System Ground
53, 63, 72
FUNCTIONAL DESCRIPTION

The VL82C104 is part of a five chip set
which together perform all of the on-
board logic required to construct an IBM
PC/AT-compatible system. The PC/AT-
Compatible Data Buffer replaces
several bus transceivers and a CPU
lower byte data latch located within the
PC/AT-type system.

The primary function of the Data Buffer
is to multiplex the 80286 microproces-
sor data lines DO-D15 to the system
data bus SD0-SD15, the peripheral data
bus XD-XD17 and the memory data bus
MDO0-MD15. This is accomplished
through six sets of 8-bit wide data
multiplexors. The lower data byte of the
CPU data bus transceiver has a byte
wide register which is clocked by the
rising edge of CNTLOFF. The datais
latched in the direction from the System
Data Bus to the CPU Data bus only.
XAQ is used to control data flow to the

CPU Data Bus. When XAO =0, real
time data is passed to the CPU data
bus. When XA0 = 1, latched data is
passed to the CPU Data Bus. The six
groups of transceivers can be seen in
the block diagram of the device. The
data parity encoder/decoder logic is
also located within this device. All data
present upon the memory data bus
passes through the parity logic. The
outputs of the parity encoder/decoders,
MDPINO and MDPIN1, are enabled via
PAREN to prevent decoding a ROM
access and are gated with -XMEMR.
The ~PARERROR signal is fed back to
the Memory Controller chip where it is
gated with other logic to produce the
NMI signal for the 80286.

The logic controlling the bus transceiv-
ers has been optimized for speed and
as such there are no provisions to
prevent internal bus collisions. In a

standard PC/AT type application using
the full VL82CPCAT chip set this is not
a problem as the control signals which
enable the transceivers are decoded in
such a fashion as to prevent this from
happening. In the case where only the
VL82C104 is used care must be taken
as to ensure that the control signals will
not cause an internal bus collision.
From the block diagram it can be seen
that every bus transceiver has an A and
B I/O port. The DIR input to the
transceiver controls the direction of data
flow through the transceiver. A high (1)
input into the DIR pin causes data to
flow from Ato B. A low (0) causes data
to flow from B to A. All transceiver
enables are low true causing the output
of the particular transceiver to be active.
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AC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V +5%, VSS =0V
DATA BUS I/0 MODE TIMING

Symbol Parameter Min Max Unit Condition
t1 SD Bus In to MD Bus Out 40 ns CL =100 pF
2 SD Bus In to D Bus Out 40 ns CL = 50 pF
3 SD Bus In to XD Bus Out 40 ns CL = 100 pF
t4 SD Bus In to MDPINO and MDPIN1 Out 55 ns CL = 50 pF
5 D Bus In to MD Bus Out 30 ns CL = 100 pF
6 D Bus In to SD Bus Out 35 ns CL = 200 pF
t7 D Bus In to XD Bus Out 30 ns CL = 100 pF
18 D Bus In to MDPINO and MDPIN1 Out 55 ns CL=50pF
19 MD Bus In to D Bus Out 19 ns CL =50 pF
110 MD Bus In to SD Bus dut / 7 35 ns CL = 200 pF
111 MD Bus In to XD Bus Out 30 ns CL = 100 pF
t12 XD Bus In to D Bus Out 50 ns CL =50 pF
113 XD Bus In to SD Bus Out 50 ns CL = 200 pF
t14 XD Bus In to MD Bus Out 50 ns CL = 100 pF
t15 XD Bus In to MDPINO, MDPIN1 Out 45 ns CL = 50 pF, Note

Note: This function is not available in a standard PC/AT system. It is specified here because the system can be configured to
accommodate this function, although it is not tested for.

DATA BUS I/0 MODE TIMING WAVEFORMS
System Data Bus Timing Waveform

\
| SD BUS /<
= X =
MD BUS ><
¢ t2 -
N\
D BUS /<
< 3 >
N\
XD BUS /<
o t4 >
N\
orNe X
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DATA BUS IO MODE TIMING WAVEFORMS (Cont.)
CPU Data Bus Input Timing Waveform

D BUS \<
/]

< 15
MD BUS

1%} t6
SD BUS

<& 17
XD BUS

< t8
MDPINO
MDPIN1

Memory Data Bus Input Timing Waveform

\
MD BUS /<
< 9 P
\
D BUS /<
< t10 >
\
SD BUS /<
< t1 >
\
XD BUS /K
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DATA BUS I/O MODE TIMING WAVEFORMS (Cont.)

XD BUS j<
/|
‘ t12 ’
D BUS \<
/
= t13 >
SD BUS \<
/
=) t14 >
MD BUS \<
/
< t15 > n
MDPING, \< NOTE
MDPIN1 /

Note: This function is not available in a standard PC/AT system. It is specified here because the system can be configured to
accommodate this function, although it is not tested for.

LOW BYTE TO HIGH BYTE CONVERSION MODE TIMING

Symbol Parameter Min Max Unit Condition
t16 SD Low to SD High Data Out 55 ns CL =200 pF
t17 SD Low to D Bus High Data Out 45 ns CL =50pF
{18 SD Low to MD Bus High Data Out 45 ns CL = 100 pF

LOW BYTE TO HIGH BYTE CONVERSION TIMING WAVEFORM

SD BUS
LOW ><
> t16 >
SD BUS
HIGH ><
< 7 >
D BUS \
X
< 118 >
MD BUS N
X
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XA0 BUS MODE TIMING
Symbol Parameter Min Max Unit Condition
t19 XAO0 to D Bus Data Out 30 ns CL = 50 pF
120 XAO0 to MD Bus Low Byte Out to High Z 35 ns
t21 XAO to MD Bus Low Byte Out from High Z 35 ns
XA0 BUS TIMING WAVEFORM
—
XAO 7
4— t19
D BUS LOW BYTE
—— 120
MD BUS
LOW BYTE 4 HIGH Z
XAO \
\
4— 121
MD BUS
LOW BYTE HIGH 2
MEMORY READ MODE TIMING
Symbol Parameter Min Max Unit Condition
t22 —XMEMR High to -PARERROR Out 25 ns CL=50pF
tsu23 Setup PAREN to -XMEMR High 15 ns

MEMORY READ MODE TIMING WAVEFORM

A
-XMEMR /
< t22
-PARERROR
PAREN
Iq__ tSu23
-XMEMR
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AC TESTING - INPUT, OUTPUT WAVEFORM

INPUT OUTPUT
v v
3.5V
><1 5V
0.2V
<«@———AC TEST POINTS——»
AC TESTING - LOAD CIRCUIT
I— DEVICE UNDER TEST
o _____

*Includes scope and jig capacitance. -

AC TESTING - LOAD VALUES

Test Pin CL (pF)
34-37, 39-42, 44-47, 49-52 200
55-62, 64-71, 73-80 100
1-5, 7-14, 23, 28-29 50
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses above those listed may cause indicated in this data sheet is not

Temperature 0°Ct0 +70°C  permanent damage to the device. implied. Exposure to absolute maximum

Storage Temperature —65°C to +150°C These are stress ratipgs oqu, Func- rating conditior!s for gxtgpded periods
tional operation of this device at these may affect device reliability.

Supply Voltage to or any other conditions above those

Ground Potential —-0.5Vio+7.0V

Applied Input

Voltage —-05Vio+7.0V

Power Dissipation 500 mW

DC CHARACTERISTICS: TA =0°Cto +70°C, VDD =5.0 V5%, VSS =0V

Symbol Parameter Min Max Unit Condition

VOH Output High Voltage 24 \' IOH =-3.3mA

VOoL1 Output Low Voltage 0.45 \ IOL =8 mA, Notes 1 & 3
voL2 Output Low Voltage 0.45 v IOL = 20 mA, Notes 2 & 3
VIH Input High Voltage A 2.0 VDD + 05 Y

VIL Input Low Voltage -05 0.8 v

VIHC Input High Voltage 3.8 VDD + 0.5 \) CNTLOFF

ViLC Input Low Voltage -0.5 0.6 \Y CNTLOFF

co Output Capacitance 8 pF

o] Input Capacitance 8 pF

Clo Input/Output Capacitance 16 pF

ILOL Three-state Leakage Current -100 100 HA

il Input Leakage Current -10 10 HA

icc Power Supply Current 100 mA

Notes: 1. Pins 55-62, 64-71, and 73-80.
2. Pins 34-37, 39-42, 44-47, and 49-52.
3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOL (max) = 2 mA.
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PC/AT-COMPATIBLE DATA BUFFER

FEATURES DESCRIPTION
* Fully compatible with IBM PC/AT-type ~ The VL82C104 PC/AT-Compatible Data  The device is manufactured with VLSI's
designs Buffer provides a 16-bit CPU data bus advanced high-performance CMOS
. . /O as well as 40 buffered drivers. The process and is available in a JEDEC-
Compietg!y p°”°"’)s,‘.’ fta oun‘_erl buffered drivers consist of 16 bidirec- standard 84-pin plastic leaded chip
function in IBM PC/AT-compatible ! . .
systems tional system data bus drivers, each carrier (PLCC) package. The
capable of sinking 20 mA (50 ‘LS loads) VL82C104 is part of the PC/AT-
+ Replaces several buffers, latches and of current; eight bidirectional peripheral compatible chip sets available from
other logic devices bus drivers, each capable of sinking 8 VLSI. Please refer to the Selector
- Supports up to 12 MHz system clock mA (20 ‘LS loads) of_ current; and 16 Guide in the front of this manual.
memory data bus drivers, each capable
* Device is available as “cores” for of sinking 8 mA (20 ‘LS loads) of
user-specific designs current. The VL82C104 also generates
- Designed in CMOS for low power the parity error signal for the system.
consumption
BLOCK DIAGRAM ORDER INFORMATION
Part
D0-D7 «—» A Bl y » SDO-SD7 Number Package
DTi-R DIR VL82C104-QC | Plastic Leaded Chip
-DENLO ENABLE Carrier (PLCC)
LALCH Note: Operating temperature range is
BUFFER 0°C to +70°C.
XAO SEL
CNTLOFF CLK
<> B Ale » MDO-MD7
—-MDBEN DIR
d ENABLE y
MDPOUTO PARITY | MDPINO
~XMEMR 9
<+ A B|< # XD0-XD7
XDATADIR DIR y
AEN o ENABLE | &3 pARITY
d ERROR| » _PARERROR
PAREN »
P A B« » SD8-SD15
DIR245 DIR
GATE245 —-dq ENABLE
Ds-Di5 » A B |« 3
— DIR »| B Ale » MD8-MD15
~DENHI ———d ENABLE DIR !
» MDPIN1
—XBHE q ENABLE PARITY
-—c
MDPOUT1
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FEATURES

« Fully compatible with IBM PC/AT-type

designs

« Replaces 36 integrated circuits on the

PC/AT-type board
+ Supports 20 MHz system clock

» Device is available as “cores” for
1 |eer-epeclf|r\ deslg‘ 1S

+ Sink 24 mA on slot driver outputs

+ Designed in CMOS for low power

PC/AT-COMPATIBLE SYSTEM CONTROLLER

DESCRIPTION

The VL82C201 PC/AT-Compatible
System Controller replaces an 82C284
Clock Controller and an 82C288 Bus
Controller (both are used in ‘286-based
systems), an 82C84A Clock Generator
and Driver, two PAL16L8 devices (used
for memory decode), and approximately
30 other less complex integrated
circuits used as wait state logic. The
device accepts a user supplied
PROCCLK or generates its own using
an internal clock modulation circuit. It

also accepts a 14.318 MHz crystal to
control the video clock and supplies
reset and clock signals to the /O slots.

The device is manufactured with VLSI's
advanced high-performance CMOS
process and is available in a JEDEC-
standard 84-pin plastic leaded chip
carrier (PLCC) package. The
VL82C201 is part of the PC/AT-
compatible chip sets available from

VLSI. Please refer to the Selector

consumption Guide in the front of this manual.
h
FCLK » | »  PROCCLK System
ENMODL
CLOCK Clock
MODULATOR
(pescpu  Part Number Freq. Package
RESET : .
] o -REaDY  VL82C201-16QC 16 MHz Plastic Leaded Chip
POWERGOOD | CLOCK > < ook VL82C201-16Q! Carrier (PLCC)
GENERATION - ;
Q:Hg; * "AND READY oie  VL82C201-20QC oo MHz | Plastic Leaded Chip
PROCCLKIN CONTROL | -ENAS VL82C201-20Ql Carrier (PLCC)
READY, .
ry g ( bTHR Note: Operating temperature:
~DENLO QC =0°C to +70°C
ACAI } &2 | contmoL ~DENHI 0 o
| o J ALE QI = —40°C to +85°C.
" RAMALE
BUS
CONTROL| g RAS
w-o COMMANDS (-:EA:AMW
CPUHLDA » — ~
-ROMCS -IoR
—low
F—p -MEMR
| —MEMW
I —INTA
-LMEGCS gmgm\r}v
ARDYEN BUFFER » < -XMEMR
ROMWTST ~XMEMW
RAMRDWT | __ ] ~XIOR
RAMWRWT s"T':}TE -Xiow
-wso LOGIC > a1
-REFRESH |
IOCHRDY J L REFRESH —MEMR >
CONTROL »  -REFEN
—
Fio DIR245
-I0CS16 DATA » < GATE245
_MEMGS16 CONVERSION gANgLOFF
~-MASTER
»  -DMAAEN
DMA >
-AEN2 CONTROL -XBHE
-AEN1 } —* !
257 AND RESET287
2 P
XAS XAQ PERIPHERAL |—» ﬁpﬁ;%
-BUSY287 CONTROL XDATADIR
-ERROR -BUSY286
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PIN DIAGRAM
IO XTAL PROC RAM
Al M-O -S1 CHRDY 1(2) CLKIN VDD WRWT XA5 XA7
-locs | sw CPU | XTAL POWE
16 | RST | -=S0 | HLDA| 1(1) | VSS |GOOD| FCLK | XA3 | XA6 | XA8

o N o O o A o Y o e O e O o O

0 0N oo oMo o onQnm oo
/ 1110 9 8 7 6 5 4 3 2 1 84 8 82 81 80 79 78 77 76 75
-Wso ] 12 ® 74 B XA9
-ROMCS [ 13 73 [ -AEN{
F16 O 14 72 b -AEN2
A0 O 15 71 b -REFRESH
ENMODL ] 16 70 b -LMEGCS
ROMWTST o 17 ‘ 69 [ -MEMCS16
RAMRDWT ] 18 VL82C201 68 b -MASTER
-BUSY287 O] 19 67 | -ERROR
osc o 20 66 [1 -ERAMW
MHZ119 O] 21 TOP VIEW 65 b RAS
-XBHE O 22 64 [ CAS
-NPCS [ 23 63 [0 -PPICS
RESET287 [ 24 62 1 XDATADIR
-DENHI O] 25 61 b CNTLOFF
-DENLO 26 60 [0 GATE245
vss o 27 59 [ vss
DT~R o 28 58 |1 DIR245
ALE O 29 57 b Qi
RAMALE O] 30 56 b -REFEN
—DMAAEN [ 31 55 [1 —ENAS
VOD O % s a4 35 36 37 38 39 40 41 42434445464748495051525354 P YoP

OO0 o000 oo oogoooouogoaooouiuudgdo U

RES |-XMEM| -X |-MEM | -IOW |-BUSY| RE SYS | SAC |-SMEM| MHZ7
CPU R IOR W 286 SET | CLK R
-XMEM X VSS -MEM -IOR -INTA PROC VSS -SMEM -READY
w Iow R CLK w
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

XTAL1(2) 2 (0] Crystal 1 Output 2 - A parallel resonant fundamental mode crystal should
be attached across XTAL1(1) and XTAL1(2). This is the crystal output.
Typical load = 33 pF.

XTAL1(1) 3 | Crystal 1 Input 1 - A parallel resonant fundamental mode crystal should be
attached across XTAL1(1) and XTAL1(2). This input drives the internal
oscillator and determines the frequency of OSC. Typical load = 33 pF.

IOCHRDY 4 | /O Channel Ready - This input is generated by an /O devics. When low,

indicates a not ready condition. This is used to extend memory or /O
accesses by inserting wait states. When high, this signal allows normal
completion of a memory or /O access.

CPUHLDA 5 i CPU Bus Hold - This input indicates ownership of the local CPU bus.
When high, this signal indicates that the CPU has three-stated its bus
drivers in response to a hold request. When iow, it indicates that the CPU
bus drivers are active.

-S81 6 | Status 1 - An active low input/pull-up from the CPU in combination with —-S0
and M/-IO determine which type of bus cycle to initiate. —S1 going active
indicates a read cycle unless —S0 also goes active. Both status inputs
active indicate an interrupt acknowledge cycle or halt/shutdown operation.

-So 7 ] Status 0 - An active low input/pull-up from the CPU in combination with —S1
and M/-1O determine which type of bus cycle to initiate. —S0 going active
indicates a write cycle unless —S1 also goes active. Both status inputs
active indicate an interrupt acknowledge cycle or a halt/shutdown opera-
tion.

W/-IO 8 I Memory or /O Select - This input indicates the type of bus cycle to be
performed. If high, a memory cycle or halt/shutdown cycle is started. If
low, then an I/O cycle or an interrupt acknowledge cycle will be initiated.

SWRST 9 I This active high input signal will force a CPU reset when a low to high
transition is detected.
At 10 | CPU Address Bus Bit 1 - This input is used to determine when to initiate a

shutdown operation. A shutdown will be started when A1 is low, M/~IO is
high, and both —~S0 and -S1 go low.

-lOCS16 11 I I/O Chip Select 16 - This active low input is generated by an /O device for
a 16-bit data bus access. This signal is used to determine the number of
wait states and whether data conversion is necessary for /O accesses.

~-WSo0 12 | Wait State 0 - This active low input signal should have an external pull-up.
A peripheral device can pull this signal low to force a zero wait state cycle.

-ROMCS 13 | ROM Chip Select - This active low input is a signal generated from
—LCSOROM and -L.CS1ROM and is used to indicate a ROM memory
access.

F16 14 | This input indicates an on-board memory access. It is used along with

—ROMCS to determine whether a memory access is to ROM, on-board
RAM or off-board RAM. 1t is also used to inhibit 2 command delay for
memory accesses.

A0 15 ! CPU Address Bus Bit 0 - This input is used to generate enable signals for
the data bus transceivers.

ENMODL 16 1 Enable Modulation - Is an input used to control the clock modulator on the
VL82C201. When this signai is high, normai clock modulation can occur.
When ENMODL is low, clock modulation is disabled and PROCCLK is
forced to 1/4 the frequency of FCLK.
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SIGNAL DESCRIPTIONS (Cont.)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

ROMWTST

RAMRDWT

-BUSY287

0osC
MHZ119
=XBHE

-NPCS

RESET287

—DENHI

-DENLO

DT~R

ALE

RAMALE

-DMAAEN

RESCPU

—XMEMW

-XMEMR

17

18

19

20
21
22

23

24

25

26

28

29

30

31

33

34

35

(o}

o

o

110

ROM Wait State - This input is used to select the desired number of ROM
access wait states. ROMWTST low indicates two waits while ROMWTST
high indicates three wait states.

RAM Read Wait State - This input indicates the number of wait states to be
used for on-board RAM read cycles. A high indicates one wait state reads
while a low indicates zero wait state reads. RAMRDWT also controls the
timing on RAS and CAS during memory read cycles.

Busy - A busy status input that is asserted by the 80287 to indicate thatitis
currently executing a command.

This is the buffered output of the XTAL1 oscillator.
This output is the OSC output clock divided by 12.

Transfer Byte High Enable - This active low I/O is used to enable —DENHI
and determine when a 16-bit to 8-bit data conversion is needed. —~XBHE is
driven as an output during all DMA cycles. Itis forced low if ~AEN2 is
active and it is driven as the inversion of SAQ if —~AEN1 is active.

Numerical Processor Chip Select - This active low output is the chip select
for the 80287 numerical processor.

Reset 287 - This active high output is used to reset the 80287 numerical
processor.

Data Bus Enable High - This active low output is used to enable the data
bus transceiver on the high byte of the data bus.

Data Bus Enable Low - This active low output is used to enable the data
bus transceiver on the low byte of the data bus.

Data Transmit/Receive - An output that determines the data direction to
and from the local data bus. A high indicates a write bus cycle and a low
indicates a read bus cycle. DT/~R is high when no bus cycle is active.
—DENLO and —DENHI are always inactive when DT/-R changes state.

Address Latch Enable - A positive edge output that controls the address
latches which hold the address during a bus cycle. ALE is not issued for a
halt bus cycle.

RAMALE is used to latch RAM address buffers. It is forced high at the end
of any bus cycle. This allows the address for the next bus cycle to be
passed to the system memory sooner than the ALE signal. RAMALE will
go back low at the end of the status cycle for any bus cycle to latch the
memory address until the end of the bus cycle.

DMA Address Enable - An active low output that is active whenever an VO
device is making a DMA access to the system memory. It will go low
anytime —AEN1 or —AEN2 go low.

Reset CPU - This is the active high output system reset for the CPU. ltis
generated from POWERGOOD, SWRST or when a shut down status is
generated by the CPU.

Peripheral Bus Memory Write - An active low I/O that is the memory write
command to and from the peripheral bus. This pin is configured as an

Peripheral Bus Memory Read - An active low /O that is the memory read
command to and from the peripheral bus. This pin is configured as an
output when ~DMAAEN is high and an input when —-DMAAEN is low.

4-90



® VLSI TECHNOLOGY, INC.
VL82C201

SIGNAL DESCRIPTIONS (cont)

Signali Pin Signal Signal
Name Number Type Description
-XIOW 36 1o Peripheral Bus Input/Output Write - This active low /O is the read com-

mand to and from the peripheral bus. This pin is configured as an output
when -DMAAEN is high and an input when -DMAAEN is low.

-XIOR 37 /o Peripheral Bus Input/Output Read - This active low I/O is the read com-
mand to and from the peripheral bus. This pin is configured as an output
when ~DMAAEN is high and an input when —-DMAAEN is iow.

-MEMW 39 /0] Memory Write - This active low /O is the memory write command from the
bus controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

~-MEMR 40 le} Memory Read - This active low l/O is the memory read command from the
bus controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive. -MEMR is also active during a refresh

cycle.

-low 41 /o Input/Output Write - This is the active low I/O write command from the bus
controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

-IOR 42 1o Input/Output Read - This is the active low 1/0 read command from the bus
controller portion of the chip. It will be three-stated when CPUHLDA is
asserted and CNTLOFF is inactive.

-BUSY286 43 0] Processor Extension Busy - This output goes to the —-BUSY input of the
80286. If pulled low, this signal stops the 80286 program execution on all
WAIT and some ESC instructions until it returns inactive (high).

—INTA 44 o Interrupt Acknowledge - This active low output that is three-stated is the
interrupt acknowledge command from the bus controller portion of the chip.
it will be three-stated when CPUHLDA is asserted and CNTLOFF is
inactive.

RESET 45
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L1604 44

POWERGOOD. It is synchronized to PROCCLKIN.

PROCCLK 46 o] Processor Clock - This is the output of the on-board clock modulator.
When the clock modulator is enabled the frequency of PROCCLK wilf be
FCLK/2 except for IO cycles, off-board memory cycles, and DMA cycles.
The frequency of PROCCLK will switch to FCLK/4 during those cycles.

SYSCLK 47 0] System Clock - This output is the main system clock. It is equal to half the
PROCCLKIN frequency and is synchronized to the processor’s T-states.
SA0 49 o System Address Bus Bit 0 - SAQ is driven as an output anytime CPUHLDA

is low, and will be an input at all other times. It is used internally to control
the data bus enable signals and to determine the state of -XBHE during 8-
bit DMA cycles.

-SMEMW 50 o Memory Write - An active low three-stated output that is the memory write
command to the expansion bus. Drives when -LMEGCS is low.

-SMEMR 51 0] Memory Read - An active low three-stated output that is the memory read
command to the expansion bus. Drives when —LMEGCS is low.

-READY 52 O Ready - When active, indicates that the current bus cycle is to be com-
pleted. —READY is an open drain output requiring an external pull-up
resistor.

MHZ7 53 0] This output is the OSC output divided by 2. It is generated to provide a
fixed ciock frequency for the keyboard controller and 80287 coprocessor.
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SIGNAL DESCRIPTIONS (cont.)

Signal
Name

Pin
Number

Signal
Type

Signal
Description

-ENAS

-REFEN

Q1

DiR245

GATE245

CNTLOFF

XDATADIR

-PPICS

CAS

RAS

-ERAMW

-ERROR

-MASTER

-MEMCS16

-LMEGCS

-REFRESH

55

56

57

58

60

61

62

63

64

66

67

68

69

70

71

o)

Enable Address Strobe - This active low output is used to enable the
address strobe on the real time clock device. It will go low the first time
—-S0 is asserted after a system reset.

Refresh Enable - An active low output. It will be asserted when a refresh
cycle is needed for the DRAMS. It is used to clock a refresh counter which
provides addresses during the refresh cycle.

This active high output will go active during the second phase of a CPU
bus cycle following the Ts state.

Direction 245 - This output determines the direction of the data bus
transceiver which does conversions from high to low byte or iow to high
byte for 8-bit peripherals.

Gate 245 - This output enables the data bus transceiver which does
conversions from high to low byte or low to high byte for 8-bit peripherals.

Control Off - This output is used to latch the lower byte data bus during
high byte to low byte conversions.

Transfer Data Direction - This output controls the direction of data flow
through the transceiver between the X data bus and the lower byte of the S
data bus. A high indicates data flow from the S bus to the X bus. A low
indicates data flow from the X bus to the S bus.

Programmable Peripheral Interface Chip Select - This active low output is a
decode of the XA bus. The decode is for address space 060 to 09F.
-PPICS can only go active if CPUHLDA is low or -MASTER is low.

This is the output used to control the timing of the CAS signal to the
DRAMs. CAS will go active (high) one clock cycle after RAS if a zero wait
state cycle is selected, or 1 V2 clock cycles if a one wait state cycle is
selected. CAS will go back low at the end of the bus cycle.

This is the output used to control the timing of the row address strobe
signal to the DRAMs. RAS will go high during the second phase of any
memory status cycle. It will go back low two clock cycles later if a zero wait
state cycle is selected or three clocks later if a one wait state cycle is
selected.

Early RAM Write - It is used to get an early write enable signal to the
DRAMs to support zero wait state write cycles. It will go low during the
second phase of any memory write status cycle. ~ERAMW returns high at
the end of the bus cycle.

Error - An error status input from the 80287. This refiects the ES bit of the
80287 status word and indicates that an unmasked error condition exists.

Master - This active low input is asserted by devices on the expansion bus
to get control of the bus.

Memory Chip Select 16 - A low on this pin indicates that the off-board
memory is 16-bits wide.

Lower Megabyte Chip Select - This input indicates that the lower memory
address space (0-1 megabyte) is selected. When low, it enables the three-
state drivers on —-SMEMR and -SMEMW.

Refresh - This active low input is used o initiate a refresh cycie for the
dynamic RAMs.
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal

Name Number Type Description

—AEN2 72 | Address Enable 2 - This active low input is from the DMA controllers and is
used to generate -DMAAEN, control -XBHE, and disable the clock
modulator.

—AEN1 73 | Address Enable 1 - This active low input is from the DMA controllers and is
used to generate -DMAAEN, control -XBHE, and disable the clock
modulator,

XA5-XA9 78-74 I Peripheral Address Bus Bits 5-9 - These inputs are used to decode chip
select and reset signals for the coprocessor.

XA3 79 | Peripheral Address Bus Bit 3 - This input is used in control of the coproces-
sor resst and chip select signals.

RAMWRWT 80 | RAM Write Wait State - Indicates the number of wait states to be used for
on-board RAM write cycles. A high indicates one wait state writes while a
iow indicates zero wait state writes. RAMWRWT also controis the timing
on RAS and CAS during memory write cycles.

FCLK 81 1 This is the fast clock input to the clock modulator circuit. It should be

driven from an external crystal oscillator at twice the frequency of the
desired PROCCLK output.

System Power-on Reset - This input signal indicates that power to the
board is stable. A Schmitt-trigger input is used so the input can be
connected directly to an RC network.

POWERGOOD 83 |

PROCCLKIN 84 I This is the main clock input to the VL82C201 and should be connected to
the signal that drives the 80286 CLK pin. It can be connected to the
PROCCLK output (Pin 48) if the internal clock modulator is used or can be
connected to an externally generated clock.
vDD 32, 54, 82 System Power: 5V
VSS 1, 27, 38, System Ground
48,59

FUNCTIONAL DESCRIPTION
The VL82C201 chip generates all the
major clocks for an AT-compatible
system design along with the command
and control signals for both the system
and peripheral buses. 1t interfaces with
the CPU to determine the type of bus
cycle to execute and generates the
—READY signal to indicate that the
current bus cycle can be terminated. it
also contains logic to make conversions
between 16-bit and 8-bit data accesses.
Finally, it generates some of the control
signals necessary for the 80287
Numerical Processor.

CLOCK GENERATION

The V1.82C201 contains a clock
modulator to control the processor clock
signal and an oscillator to generate the
0OSC, MHZ7 and MHZ119 signals.

The oscillator is designed to use an
external parallel resonant fundamental
mode crystal. A 14.318 MHz crystal
should be used to maintain compatibility
and connected as shown in Figure 1.
The variable capacitor is optional. It is
used to make slight adjustments to the
output frequency. The OSC output is
generated directly from this oscillator for
the system bus. The MHZ7 output is
the oscillator frequency divided by 2
and can be used to drive the 8042
keyboard controller. The MHZ118
output is the oscillator frequency divided
by 12 and is used by the Peripheral
Controller chip.

The clock modulator portion of the
VL82C201 is designed to gracefully
switch the speed of the processor clock

based on which type of bus cycle is
going to be performed. The FCLK input
to the modulator should be driven from
an external crystal oscillator at a
frequency that is two times the desired
PROCCLK frequency. The clock
modulator can be disabled by driving
the input signal ENMODL low. When
the clock modulator is disabled the
PROCCLK output will be 1/4 the
frequency of the FCLK input.

The clock modulator circuit uses the
CPU status signals -S0, -S1, and
M/—IO along with the signal F16 from
the Memory Controller chip to deter-
mine which type of bus cycle is needed.
Normally the PROCCLK output will be
running at 1/2 the frequency of FCLK.
When the processor signals an 1/O
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cycle, INTA cycle or off-board memory
cycle the modulator will switch the
processor clock to 1/4 the frequency of
FCLK. The transition is made such that
during the second phase of the status
cycle PROCCLK will be three FCLK
cycles long and all subsequent
PROCCLK cycles will be four FCLK
cycles long. I the bus cycle is an off-
board memory access, the clock
modulator will sample ~READY to
determine when to return PROCCLK to
1/2 the frequency of FCLK. If the bus
cycle is an /O access, the clock
modulator will remain at the slow rate
until a memory cycle occurs. The clock
modulator will then speed up when it
samples —READY at the end of the
memory cycle.

The inputs ~AEN1 and —AEN2 are also
sampled by the clock modulator and
PROCCLK is slowed to FLCK/4 anytime
either of these signals are active.

To reduce clock skew and increase
flexibility for the user the PROCCLKIN
input is provided. This input should be
connected to the same signal that is
used to drive the CLK input of the
processor. This guarantees that the
VL82C201 is referenced to the same
clock as the processor with no internal
skews. The user can connect this input
to the PROCCLK output if the clock
modulator is to be used. PROCCLKIN
can also be driven from a user supplied
source if the clock modulator is not
needed.

The SYSCLK output is derived from the
PROCCLKIN input and is 1/2 the
frequency of PROCCLKIN. SYSCLK is
held low during reset and will not begin
running until the first bus cycle is
initiated by the CPU. It will then make
its first low to high transition on the
falling edge of PROCGLKIN during the
start of the first TC cycle (see timing
waveforms). This synchronization is
done to ensure that the system clock is
synchronized with the 80286 internal
system clock.

RESET AND READY CONTROL
The 82284 megacell along with some
support logic is used to control the

H iy ¥ a\V4

cent clmmala o

sysiem reset signais and -READY
signal for the CPU. Two basic reset
signals are generated for the system.

FIGURE 1. OSCILLATOR CIRCUIT
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RESET is the system reset out of the
82284 megacell and is synchronized to
PROCCLK. ltis generated from the
POWERGOOD input signal. The
POWERGOOD pin has a Schmitt-
trigger input so that an RC network can
be used to generate the reset signals.
RESCPU, the other reset output, is
connected to the input on the 80286
processor. RESCPU will be active
anytime RESET is active. It can also be
generated from two other possible
sources. The firstis the SWRST input
from the Memory Controller chip. A low
to high transition is detected on this pin.
When this occurs, RESCPU will go
active after a minimum delay of 6.72
microseconds. RESCPU will also be
generated if a shutdown command is
issued from the CPU. In either case,
the RESCPU output will pulse high for
16 PROCCLKIN cycles.

The ~READY output is synchronized
and controlled by the 82284 megacell.
—READY is an open drain output
connected directly to the CPU and
requires an external pull-up resistor. A
resistor value of 330 Q is recom-
mended. Bus cycle length is controlled
by the -READY output. Bus cycles are
lengthened and shortened internally by
the VL82C201 depending on the type of
bus cycle being executed. The length
of a bus cycle can be shortened
externally by pulling the ~-WS0 input low
or lengthened by pulling the IOCHRDY
input low. If IOCHRDY is pulled low the
bus cycle will not be terminated until
IOCHRDY is returned high.

COMMAND AND BUS CONTROL

The VL82C201 contains an 82288 bus
controller megacell to generate all the
bus command and control signals. The
82288 megacell generates the -MEMR,
—MEMW, -IOR, and —-lOW command
signals and the DT/-R control signal.

The DEN output from the megacell is
split into -DENLO and —DENH]I for
enables on the upper and lower bytes of
the data bus. Internal circuitry is used
to insert one PROCCLK cycle of
command delay for all /O cycles and
off-board 8-bit memory cycles. Refer to
the 82288 data sheet for complete op-
eration of the 82288 megacell.

OPERATING MODES

The VL82C201 operates in four basic
modes. First, and most common, is the
CPU mode. This mode is active any
time the input CPUHLDA is low. While
in CPU mode the VL82C201 will drive
both the CMD (-MEMR, -MEMW,
-IOR, -IOW) bus and XCMD
(-XMEMR, -XMEMW, -XIOR, —-XIOW)
bus. While in CPU mode, the outputs
-MEMR, -MEMW, -SMEMR, and
~SMEMW are disabled from going low
for on-board memory accesses. They
will go low for off-board memory cycles
only. The outputs -XMEMR and
-XMEMW will still go active for any
memory cycle.

The other modes can only be active
when CPUHLDA is high. Then the
VL82C201 can be in DMA mode,
~MASTER mode, or REFRESH mode.
if the inputs —AEN1 or —~AEN2 are
active, the VL82C201 is in DMA mode
and the CMD bus is driven from the
inputs on the XCMD bus. If the
—~MASTER input is active, the
VL82C201 is in ~-MASTER mode and
the XCMD bus is driven from the inputs
on the CMD bus. When the
—REFRESH mode is active the -MEMR
output will be driven to generate the
refresh for the DRAMs but ~MEMW,
~lOR, and —IOW will be in a high im-

pedancs state. The XCMD pins willbe

configured as outputs driving whatever
value is on the CMD pins.
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SYSTEM BOARD MEMORY
CONTROL

Timing control for the system board
memory is controlled by four signals:
RAMALE, RAS, CAS, and -ERAMW.

RAMALE is used by both the Memory
Controller and Address Buffer chips to
latch in current address values for
generating address and chip select
signals for the DRAMs. The RAMALE
signal is forced high during reset to
pass through the first address from the
CPU. At the end of the first status cycle
RAMALE will go low and will remain low
until -READY is sampled low. After the
first memory access RAMALE will
always go high at the end of any bus
cycle, when —READY is sampled low.
RAMALE will go low latching in the
current address at the end of any status
cycle. This configuration will leave the
RAMALE signal high during CPUHLDA
cycles to allow addresses and chip
select decodes to pass directly to the
DRAMs for DMA or -MASTER ac-
cesses.

The RAS signal is used to generate the
timing control for the DRAMs. ltis an
active high signal and should be gated
with the RASO and RAS1 chip select
signals out of the Memory Controller
chip to generate the RAS signals to the
DRAMs. The timing of RAS is con-
trolled by the RAMWRWT, RAMRDWT,
and CPUHLDA inputs.

The VL82C201 samples RAMRDWT
during memory read cycles and
RAMWRWT during memory write
cycles fo determine whether the cycle
should be a zero or one wait state
access. A low on these inputs selects
zero wait states, whiie a high wiii seiect
one wait state. Whenever CPUHLDA is
low (inactive) RAS will always go active
during the second phase of any
memory access status cycle. If the
current memory access should be a
zero wait state cycle, RAS will return
low two PROCCLKIN cycles later. For
a one wait state access, RAS will return
low three PROCCLKIN cyclies later.
This is done to generate timing that will
meet specifications for the slower
DRAMs typically used in one wait state
designs. When CPUHLDA is high, the
memory control logic samples the
inputs on -XMEMR and —-XMEMW for

DMA cycles, or -MEMR and -MEMW
for -MASTER cycles. RAS will go high
on the first failing edge of PROCCLKIN
when any memory read or write
command is sampled active. RAS will
return low two or three PROCCLKIN
cycles later depending on the states of
RAMRDWT and RAMWRWT as
described above for the CPU accesses.

The CAS signal is also used to gener-
ate timing control for the DRAMs. lt is
an active high signal and should be
gated with CASO and CAS1 chip select
signals out of the Memory Controller
chip to generate the CAS signals to the
DRAMs. The timing of CAS is con-
trolled by the RAMWRWT and
RAMRDWT inputs.

RAMRDWT and RAMWRWT function
the same &as described above for the
RAS signal to determine whether the
current memory access should be zero
or one wait states. For a zero wait state
access CAS will go active one
PROCCLKIN clock cycle after RAS
goes active. During a one wait state
access CAS will go active 1 1/2 PROC-
CLKIN clock cycles after RAS goes
active. This is done to allow more row
address hold time for the slower
DRAMs that can be used in a one wait
state system. CAS goes inactive (low)
at the same time for both zero and one
wait state accesses. When CPUHLDA
is low, CAS will return inactive at the
end of the bus cycle when —READY is
sampled low. When CPUHLDA is high,
CAS will return inactive on the falling
edge of the first PROCCLKIN cycle
when all the memory read and write
commands are sampled inactive.

—ERAMW is an early write signai for the
DRAMs to make sure the write signal is
present before CAS. It will go low
during the second phase of any
memory write status cycle. -ERAMW
returns high at the end of the bus cycle.

Note: Although RAMRDWT and
RAMWRWT can be changed dynami-
cally for each memory cycle, care must
be taken to never allow RAMRDWT to
be high and RAMWRWT to be low at
the same time for more than 60 ns.
This results in zero wait state write
cycles and one wait state read cycles.
This was determined to be an unrealis-
tic operating mode and is used to put

the VL82C201 into a test mode that will
disrupt normal system operation.

WAITSTATELOGIC

Wait states can be controlled from a
number of different sources within the
VL82C201. ltis internally programmed
to generate the wait states shown in
Table 1 based on the appropriate input
signals.

Any of these programmed values can
be overridden by the inputs IOCHRDY

and WSO, IOCHRDY can bs used o

extend any bus cycle. When
IOCHRDY is pulled low the current bus
cycle will be maintained until it is
returned high. A low on -WSO0 will
terminate the current bus cycle as soon
as it is recognized by the VL.82C201.
These inputs need only be pulled low to
modify the values shown in Tabie 1.
IOCHRDY and -WS0 are mutually
exclusive and only one of them should
be pulled low within a given bus cycle.
Refer to the timing diagrams for setup
and hold requirements.

REFRESH CONTROL

The VL82C201 contains circuitry to
control a refresh cycle in an AT-compat-
ible design. When the input
—REFRESH is pulled low, the
VL82C201 will issue ~REFEN to clock
the refresh counter and enable the
refresh addresses onto the memory
address bus. it wiii aiso issue a -MEMR
command. For correct operation
—REFRESH should not be pulled low
unless CPUHLDA is active.

DATA CONVERSION

A state machine for controlling the
conversion between 16-bit data ac-
cesses from the CPU and 8-bit periph-
erals is contained in the VL82C201.
This state machine will generate the
control signals DIR245, GATE245, and
CNTLOFF to the Data Buffer chip to
route the data correctly for both read
and write conversions. The conversion
logic will signal the wait state logic to
hold the CPU and start the read/write of
the low data byte. It will then latch the
low byte for a read operation, negate
the bus control signals, switch SAO to a
high, and then perform the read/write
operation for the high data byte. The
VL82C201 also uses the DIR245 and
GATE245 during 8-bit DMA cycles to
route the lower byte on the system data
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bus to or from the high or low byte of

on-board memory.

NUMERICAL PROCESSOR AND

PERIPHERAL CONTROL

The VL82C201 generates a reset signal

and chip select signal for the 80287
Numerical Processor. The signal
RESET287 is used to reset the 80287

and can be activated by a system reset

or an l/O write to address OF1 hex.

~NPCS is used as a chip select for the

80287 and is decoded at addresses
OF8-0FF hex.

The VL82C201 also controls the
-BUSY286 signal sent to the 80286
from the Numerical Processor. The

80287 will assert ~-BUSY287 whenever

it is performing a task. This signal is

passed to the 80286 by asserting the
—-BUSY286 output. Normally
-BUSY286 will follow -BUSY287.
However, if the -ERROR signal is
asserted while the -BUSY287 signal is
active, the —-BUSY286 output will be
latched low and will remain active until
cleared by an VO write cycle to address
OFO hex or OF1 hex.

TABLE 1. WAIT STATES

RAM RAM ROM -MEM | -lO Number |Command
Access Type RDWT | WRWT | WTST F16 CS16 CS16 | of Waits Delay
INTA Cycles X X X X X X 4 Yes
8-Bit VO X X X X 1 4 Yes
16-Bit VO X X X X X 0 1 Yes
Off-board 8-Bit Memory X X X 0 1 X 4 Yes
Off-board 16-Bit Memory X X X 0 0 X 1 No
On-board ROM Read X X 1 1 X X 3 No
On-board ROM Read X X 0 1 X X 2 No
On-board RAM Write 0 0 X 1 X X 0 No
On-board RAM Write X 1 X 1 X X 1 No
On-board RAM Read 0 X X 1 X X 0 No
On-board RAM Read 1 1 X 1 X X 1 No
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AC CHARACTERISTICS: TA=QC: 0°Cto +70°C, Qi: —40°C to +85°C, VDD =5V +5%, VSS =0 V
CPU MODE TIMIING

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit | Condition
t1 PROCCLKIN Period 31 25 ns
2 PROCCLKIN High Pulse Width 11 9 ns
i3 PROCCLKIN Low Pulse Width 7 6 ns
t4 PROCCLK Rise Time 5 4 ns 10Vto36V,CL=75pF
t5 PROCCLK Fall Time 4 4 ns |36Vto1.0V,CL=75pF
t6 FCLK Period 15 12 ns
t7 FCLK High Pulse Width 6 5 ns
18 FCLK Low Pulse Width 8 5 ns
19 OSC Rise/Fall Time 18 15 ns
tD10 MHZ7 from OSC Delay 15 15 ns
D11 MHZ119 from OSC Dslay 20 20 ns
tD12 PROCCLK from FCLK Delay 20 17 ns
tSU13 -S0, -S1 to PROCCLKIN Setup Time 11 9 ns
tH14 -$0, -S1 from PROCCLKIN Hold Time 1 1 ns
tSU15 M/-IO to PROCCLKIN Setup Time 20 . 20 ns
tH16 M/=IO from PROCCLKIN Hold Time 3 3 ns
tSuU17 F16 to PROCCLKIN Setup Time 7 6 ns
tH18 16 from PROCCLKIN Hoid Time 5 5 ns
tSU19 gng'gggoD to PROCCLKIN 20 20 ns | Note 1t
wao | POWERGOOD to PROCOLKIN : : s | Noto
tD21 RESET from PROCCLKIN Delay 24 24 ns
tD22 RESCPU from PROCCLKIN Delay 17 15 ns
tD23 SYSCLK from PROCCLKIN Delay 26 23 ns
tD24 —ENAS from PROCCLKIN Delay 26 26 ns
tSu2s5 M/-IO, At to -S0, —S1 Setup Time 15 15 ns
tSU26 SWRST to PROCCLKIN Setup Time 20 20 ns Note 1
127 SWRST Pulse Width 60 60 ns
tD28 ALE from PROCCLKIN Delay 18 16 ns

Notes: 1. POWERGOOD and SWRST are asynchronous inputs. This specification is given for testing purposes only, to assure
recognition at a specific PROCCLKIN edge.
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CPU MODE TIMING (Cont.)
16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tD29 DT/~R Low from PROCCLKIN Delay 30 30
tD30 DT/~R High from PROCCLKIN Delay 40 35
—DENLO, -DENHI Low from .
tD31 PROCCLKIN Delay 33 30 ns Write Cycles
—DENLO, -DENHI Low from
tD32 PROCCLKIN Delay 40 35 ns Read Cycles
—DENLO, -DENHI High from .
tD33 PROCCLKIN Delay 33 30 ns Read and Write Cycles
-READY Active from PROCCLKIN
tD34 Delay 16 15 ns
D35 l—)READY Inactive from PROCCLKIN 5 3 ns Note 2
elay
tD36 XDATADIR from PROCCLKIN Delay 35 35
tSU37 ~l0CS16 to PROCCLKIN Setup Time 17 15 ns
tH38 -10CS16 from PROCCLKIN Hold Time 2 2 ns
tSU39 IOCHRDY to PROCCLKIN Setup Time 15 12 ns
{H40 TlQCHRDY from PROCCLKIN Hold 5 2 ns
ime
—CMD, -XCMD, -SCMD from
tD41 PROCCLKIN Delay 30 30 ns Note 3
tSu42 ~WSO0 to PROCCLKIN Setup Time 15 12 ns
tH43 -WS0 from PROCCLKIN Hold Time 3 3 ns
1SU44 ;MEMCS16 to PROCCLKIN Setup 15 12 ns
ime
tH45 ;MEMCS16 from PROCCLKIN Hold 4 4 ns
ime
tSU46 A0 to PROCCLKIN Setup Time 20 20 ns
tD47 SAO from PROCCLKIN Delay 30 25
tSU48 —XBHE to PROCCLKIN Setup Time 20 15
{D49 —DENLO, -DENHI from PROCCLKIN 45 40 Note 4
Delay
—CMD, -XCMD, —-SCMD from
tDS0 PROCCLKIN Delay 40 35 ns Note 4
tD51 Q1 from PROCCLKIN Delay 30 30 ns

Notes: 2. —READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLKIN
cycles. A 330 Q resistor is recommended. This specification for —READY inactive indicates when the VL82C201
stops driving the output. It does not indicate that -READY has reached a certain voltage level.

3. —CMD refers to the signal pins -MEMR, -MEMW, -IOR, and —IOW. —SCMD refers to the signal pins -SMEMR and
~SMEMW. —XCMD refers to the signal pins -XMEMR, -XMEMW, -XIOR, and -XIOW.

4. Caused by CNTLOFF during 16 to 8 bit conversions.
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CPU MODE TIMING (Cont.)

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tD52 CNTLOFF from PROCCLKIN Delay 30 30 ns
tD53 DIR245 from PROCCLKIN Delay 45 45 ns
tD54 GATE245 from PROCCLKIN Delay 45 45 ns
1SU55 —-ROMCS to PROCCLKIN Seiup Time i5 i2 ns
tH56 —ROMCS from PROCCLKIN Hold Time 4 4 ns
tSUs7 ROMWTST to PROCCLKIN Setup Time| 15 12 ns
{H58 '?iahellWTST from PROCCLKIN Hold 8 8 ns
1SUS9 Eggggm&%‘m\ﬁrg o 15 12 ns
wo | EAOIT MmN | IE
tD61 RAMALE from PROCCLKIN Delay 18 16 ns
tD62 ~ERAMW from PROCCLKIN Delay 18 16 ns
tD63 RAS from PROCCLKIN Delay 18 16 ns
tD64 CAS High from PROCCLKIN Low Delay 18 16 ns 0 Wait State Only
tD65 ggiymgh from PROCCLKIN High 18 16 | ns | 1WaitState Only
tD66 CAS Low from PROCCLKIN Low Delay 18 16 ns 0 and 1 Wait State
tD67 —INTA from PROCCLKIN Delay 30 30 ns
D68 —BUSY286 from —-BUSY287 Delay 20 20 ns
tHe9 —ERROR form —BUSY287 Hold Time 5 5 ns
tSU70 ~ERROR to -BUSY287 Setup Time 10 10 ns
D71 -BUSY286 from —IOW Delay 25 25 ns
tD72 RESET287 from —IOW Delay 25 25 ns
tSU73 Input to —IOW Setup Time 10 10 ns
tH74 XA Inputs from —IOW Hold Time 5 5 ns
tD75 XA Inputs to -NPCS Delay 30 30 ns
tD76 XA Inputs to —PPICS Delay 25 25 ns
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DMA MODE TIMING

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tD79 —DMAAEN from —AEN1, —~AEN2 Delay 20 20 ns
tD80 XDATADIR from —XIOR Delay 30 30 ns
tD81 —CMD, —-SCMD from —=XCMD Delay 30 30 ns
tD82 —XBHE from SAQ Delay 30 30 ns Note
tD83 DIR245 from —XMEMR Delay 30 30 ns
D84 gﬁ;ﬁgﬁgg’:}fx”ma ~XMEMW, 35 35 | ns
Note: During —AEN2, —-XBHE is low. During —AEN1, -XBHE follows SAO0 inverted.
BUS MASTER MODE TIMING

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tD8s —XCMD from —CMD Delay 25 25 ns
tD86 —SCMD from —-CMD Delay 30 30 ns
tD87 XDATADIR from —IOR Delay 30 30 ns
REFRESH MODE TIMING

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
tsuss —REFRESH to PROCCLKIN Setup Time| 20 20 ns
tD89 —REFEN from PROCCLKIN Delay 30 30 ns
D90 PROGOLKIN Doy oM from 40 40 | ns | During—REFRESH
MEMORY CONTROL TIMING DURING DMA OR MASTER MODES

16 MHz 20 MHz
Symbol Parameter Min Max Min Max Unit Condition
#92 | JUEMW 10 PROGOLKIN Howd Time | 2 ? s
tSU93 F16 to -MEMR, —-XMEMR Setup Time 5 5 ns
tH94 F16 from —-MEMR, -XMEMR Hold Time| 10 10 ns
tD95 DT~R from —-MEMR, ~-XMEMR Delay 30 30 ns
tD96 ~DENLO from SAO Delay 30 30 ns
tD97 —~DENHI from —~XBHE Delay 35 35 ns
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PROCCLK TIMING WAVEFORMS

PROCCLKIN

CLOCK MODULATION WAVEFORM
1

TS

PROCCLK
oo [N/ \ /T T\ /T /T [\ S
tSU17__’| — —p lq_ tH18
Fi6 N A o,
tsu15_.l <« —» tH16
M-0 A
tSU H
. 13 _RI < —» /I‘_t 14
—b| D28 [4— —f D28 |@—
ALE / \
D34 —pp e
—READY ~ \

Note: Timing is shown for an off-board memory cycle. The same clock transitions will occur if M/~IO is sampled low, regardless
the state of F16.

CRYSTAL DERIVED CLOCK WAVEFORMS

0sC

MHZ7

MHZ119 — A
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/O TIMING WAVEFORM
16 BIT e 8BIT _»
TI
E— Ts—pleTo—pla W e Ts_sle 1o sle i Es sl Ol OB
PROCCLKIN VAVAVAVAWA \—/—\F/_ /" s, TN\
1SU13 —» L tH14
-S0, St ;’k R r- /.
/ /
tD28 —p] g
Jﬁ_t-tozs
ALE /TN /7
—> l‘_ D29 tD30 —P» }:
DT/-R /-
D33 i
tD31 —p» —» . D33 —p ):,
—DENLO, [
—DENHI ) 4
P t —» "‘— —» < D35 // —» tD34
-READY —_ ] vy \V
NOTE 1 tD41 tD41
—IOR,
//
_low, D41 tD41
—XIOW > 1+ |™ /E_ Y
36 ] D36
XDATADIR —»] I‘- —’I It
SUs7 tH38 - /-
44— |—P
-I0CS16 _’l "_ 7/
| W Y
4— tSU39
—-»
IOCHRDY tSU39 ¢— tH40
] 5 .
NOTE 2

Notes: 1. —READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK cycles.
A 300 Q resistor is recommended.

2. IOCHRDY is sampled for the first time in the middle of the first wait state. If it is sampled high, 16-bit bus cycles will
terminate with only one wait state. From then on IOCHRDY is sampled at the end of each wait state cycle. When
IOCHRDY is sampled high, the bus cycle will terminate one wait state cycle later.

For 8-bit bus cycles IOCHRDY is sampled for the first time at the end of the third wait state cycle. K it is sampled
high, the bus cycle will terminate in four wait states. Otherwise, the bus cycle will be extended until IOCHRDY is
sampled high.
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OFF-BOARD MEMORY TIMING WAVEFORM

16 BIT —— Pl 8BIT —®
NOTE 1
TS —pplg— TC—plg— TS—plg—TC ™ AR W20
PROCCLKIN _/— \_/W_/_ \_/_\_/_ \_/_\ /7 J— \—/_\
tSU13 4—! |<—— tH14

-80, -S1 /.

::k J \ / 44

1028 —wl Lt |

tD28
ALE [\ /-
tD30
DTAR tD29 —» |<— —» 1'4_ )
L—_;D33
_DENLO, 032 ) | ¢ D31 0 ¥
—DENHI \ //
-MEMR, tD41 — -
—XMEMR, “ g |<_ il /-
—SMEMR 1/
MW, —» ‘4—’@41 —» - D41
XM, \ NOTE 2 » —
~SMEMW tSU42 —b_‘_’<-|—<_
1H43
—WS0
tSU17 ¢
—’l —> |<— tH18
e T N\
tSU44 —:Lj;_
tH45

wevess. DL A \

Notes: 1.

one wait state.

This 16-bit cycle is shown as zero wait states terminated by the WSO input. Normal off-board memory cycles are

2. Acommand delay is shown on the 8-bit write cycle. Command delays will exist for both reads and writes on the 8 bit
cycles. A command delay is not generated for 16-bit reads or writes.
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CONVERSION TIMING WAVEFORM 7 o

_lld— TS—pla-Tople— 4TW —:L¢Tw->,<- Tw*,qm coTW m»r& ";—bl

Procckin \ ./ \ / NS\ \WAWAWA r/—\_/—\ V4 r/_

w
ALE [ iy .

& 4 tSU46 _
AC R \‘W&%@WNM‘&W@N\W
A0 1D47 —» IJ— 1047 & |a-

P Y, / /-

XBHE tSu48
RN \ Ly

1D4g — I% —» Id—tmg
-DENLO, [ 11
—DENHI NOTE1 |\ NOTE 3 Ve
NOTE 2
D50 —» »__C-toso
IOR, IOW, | '
MEMR, . » —
W
MEM tD51 —» »y tD51 — ld— —» tD?/ > ,‘_ﬂm
Q1 / \ / N
D52 —) —»> tDs2 -
CNTLOFF . );—l L
DIR245 mal) N —» 4153 —» D53
* \__, _NOTE4 7 \~— =~ /lt
7 7%

tD54 —P tD54 —»
GATE245 /- |‘_ }"_
tSU44 \ -/ /-

_’144_14— tH44 .
~MEMcS16 R
tSU17

—» tH18
Fi6 .
14_ t8U37 —» ,4_ tH38
-l0CS16 A - W

Notes: 1. The first transition shown here is for write cycles. The —~DEN signals will go active one PROCCLKIN cycle later for
read cycles.

2. The first transition shown here is for read cycles. The ~DEN signals will go inactive one PROCCLKIN cycle later for
write cycles.

3. —-DENLO will not go active during the second half of a conversion cycle for I/O write or memory write commands.
4. DIR245 goes low for a write cycle. It will remain high for read cycles.
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ON-BOARD MEMORY TIMING

0 WAIT RAM 1 WAIT RAM 2 WAIT ROM
La_ TS —pla_ TC_ti— TS—pld— TC—pld— TW_tpig— TS—pla— TC—la—TW—dla—TW
PROCCLKIN _/_\_/_\_/_\_f\_/—\_/_\_/_\_/—\_/_\_/_\_/—\_/—\__/_\ [
—» tH14
tSU13 <« l"’
-80, -S1 4 J \ \ f
su17 —p la] e
Fié ] \ N N A
tsUss +| [ tSUS5 - - tHs6 —p| @t
—ROMCS /[ \ F-—-
tSUS7 tH58 —p» H_
ROMWTST — mre — g i _’l\ %_ —
RAMRDWT, __th il e 15U%9 ‘4
RAMWRWT \
(NOTE)
06— 4y D61
RAMALE
\ F O\ / \ [

W —» \ tD62 —» lq_toea

D63 —p |4— —» . 0—63> D63 _| 1063
RAS ___/ \ _t —\

tD66 D66

CAS o _’J‘c g l -

I 1/ \ / \_
DT/-R — (VOH) —
—DENLO, M —£|33 1031 —» I_‘_ - t—toaz toss—DF
_DENHI

tD34 — —» |<—t034

-READY __/_r— / \ / \

Note:

Although RAMRDWT and RAMWR
allow RAMRDWT to be high and RA
state write cycles and one wait state read cycles. This was

to put the VL82C201 into a test mode that will disrupt normal system operation.

WT can be changed dynamically for each memory cycle, care must be taken to never
MWRWT to be low at the same time for more than 60 ns. This results in zero wait
determined to be an unrealistic operating mode and is used
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