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INTRODUCTION

GENERAL

The primary business objective of
VLSI Technology, Inc., (VLSI) is to
provide systems designers with total
application-specific integrated circuit
(ASIC) solutions. To accomplish this,
it has created a unique blend of
expert design tools, leading-edge
process technologies, state-of-the-art
fabrication facilities, and a wide
range of products, including a variety
of “‘catalog” devices.

The Application Specific Logic
Products Division of VLSI Tech-
nology is responsible for the
manufacture and marketing of a
diverse logic-based product line that
encompasses both innovative and
proven, well-established catalog
devices. This line includes micro-
processors and coprocessors,
peripheral circuits, digital signal
processing devices, and products for
data communications and tele-
communications applications.

Unlike other suppliers of such
devices, however, VLSl 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 com-
ponents, but is also able to treat its
logic products as an integral part of
a complete solution. One of the
primary vehicles for accomplishing
this is the megacell; the functions
represented by individual devices
can be implemented as megacells in
VLSI’'s software libraries and used

for semicustom circuit design, and
functions developed as megacells for
specific applications can be turned
into catalog products.

MEGACELLS

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

The VLSI Technology family of
megacells represents commonly
used peripherals that are good
candidates for integration as parts of
customer-driven designs, which can
be either customer-specific or
market-specific. In customer-specific
designs, it is possible, for example, to
combine these integration elements
with other megacells and logic to
become single-chip equivalents of
computer systems that are already in
production. This increased level of
integration provides cost and space
reductions that can keep the system
designs competitive. In a market-
specific design, upward-compatible
enhancements that meet the needs
of many customers can be added
and the device offered as a new
standard product.

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

Of equal importance with the physical
layout format of the cells is the
structure of the interconnect bus.
This bus must be generic enough to
allow a wide variety of functions to
be connected uniformly and effi-
ciently, 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 expandable in width to
accommodate changes in system
requirements. The bus operates
synchronously at a rate of 3 million
transfers a second, which is equiv-
alent to the performance of a

10 MHz 8086 or a 12 MHz 68000
microprocessor. 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 incorporated
that exactly matches the slower
timing of the external bus to the
internal bus.

FIGURE 1. VLSI TECHNOLOGY MEGACELLS ARE ALL OF A FIXED HEIGHT, WITH VARIABLE WIDTHS.
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MEGACELL-BASED

DESIGN RATIONALE

There are many reasons why mega-
cells 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| com-
ponents and a handful of “‘glue”
components. 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 1/O pins. In
this type of application, the total

pin count might be reduced from
300 pins for a discrete solution to
less than 100 pins, and the circuit
board area reduced from approxi-
mately 20 square inches to 2 square
inches.

The power consumption of megacell
designs can be very small in
comparison with the HMOS designs
they replace, since all of the VLSI
Technology megacell family is imple-
mented in high-speed, low-power,
2-micron CMOS technology. In addi-
tion, because several functions can
be put on one piece of silicon, the
interconnect capacitance and
inductances 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 IC pin connec-
tions, 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 interconnections that have
to be bonded to package 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 signifi-

cantly by taking existing designs
using standard products and inte-
grating additional support logic
directly onto the chip. An example of
this technique would be the integra-
tion of a VL68C45 CRT controller
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 soft-
ware environments. Only after a part
has been tested in several applica-
tions 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 cus-
tomer-specific design times typically
take from 2 to 4 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 require-
ments 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.

USING VLSltest DURING

THE DESIGN PHASE

When the schematic entry of the
design is complete, the designer
uses a test language assistance
program (VLSltest) to capture a set
of simulation vectors that can be
used to test the design after silicon
has arrived. Once the designer is
satisfied that the vector set is suffi-
cient to cover all possible stuck
faults, a final test program can be
compiled through this program. The
output from this program is a test
program containing SETF state-
ments that can be easily moved onto
an industry-standard tester, such as
a Sentry tester system.

ADDITIONAL LOGIC FOR

TEST SIMPLIFICATION

In all cases, some additional logic
will be necessary to facilitate testing
the megacells. This additional logic
consists of multiplexers on pins to
allow all of the connections of the
megacell to be accessed from the
periphery of the circuit. This dictates
that all designs be contained in
packages having at least as many
pins as the most pin-intensive
megacell used internally. To enable
the test mode, an illegal condition on
the interface is often used, such as
Read Strobe and Write Strobe being
asserted together while the chip is
selected. This would normally never
occur in an application, so it is a
safe combination to use. When
enabled, the I/O pads of a specific
megacell are connected to the I/0
pins of the component, and the stan-
dard product test program run to
verify the functionality of the core.

USING VLSItest SOFTWARE TO
HELP CREATE TEST PROGRAMS
VLSiltest is a software package that
eliminates the need for the design
engineer to be an expert in testers
and testing. The designer works in a
test language called VLSI Test
Language (VTL), which allows simul-
taneous development of the circuit
design and test program, providing
notification early in the design
stages of when tester-specific details
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affect the testability of the design.
Through the test language, designers
can create a file describing the
physical characteristics, timing,
stimulus patterns and expected
responses of a circuit under devel-
opment (Figure 2). The remaining
software translates the description
into commands that run the simula-
tion, verify the expected response.
and store requested reponse values
predicted from a simulator. Finally,
VLSltest generates a complete test
program that includes all specifica-
tions for the timing generators,
strobes, and registers, all pattern-
loading, requested dc parametric
and summary test routines, and the
test vectors needed to test the circuit
functionality.

Besides identifying tester limitations
associated with the test program, the
software suggests ways to work
around them. In that way, design
engineers can become familiar with
tester limitations and make the opti-

mum design-vs.-testing trade-off.
When the testability of a circuit
becomes a problem, the design
engineer can add additional circuitry
to help out. Common practice is to
break up long counter strings to
reduce the number of states required
to exercise each individual stage.

The test vectors generated by the
software have a one-to-one corre-
spondence with the vectors used
during the simulation, so the
information normally lost during post-
processing is retained. Another
benefit is that, since a tester is

not needed to develop the test
program and initially debug it, the test
system is available for production
time and work can be done during
normal hours.

To interface with specific testers, the
software needs routines that contain
tester-specific information. These
routines also identify portions of the
test or simulation language descrip-

tion that can not be executed by the
tester, simplifying the task of making
portable test software. Interface
routines are currently written in
Xidak’s Mainsail language for both
VLSI’s simulator and the Sentry
Series 7, 10 and 20 testers.

When defining an IC, designers can
define the stimuli and the expected
responses through the test
language, creating modules that
describe aspects of the circuit’s
functions or dc test conditions. The
resulting circuit description, which is
independent of tester or simulator
characteristics, is combined with the
tester-specific and simulator-specific
routines. Since the circuit description
contains a complete set of opera-
tional parameters, all information
necessary to create a data sheet is
present. Since that information
actually drives the simulator and
develops the test program, it always
remains up-to-date.

FIGURE 2. THE STRUCTURE OF THE VLS| TECHNOLOGY TEST LANGUAGE MAKES TEST PROGRAM GENERATION SIMPLE

AND STRAIGHT-FORWARD.
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DEFINING THE TEST

PROGRAM FLOW

Several types of software modules
are required to create a complete
test description. Designers use the
first module, MAIN, both to describe
the overall flow of the test and to
initialize the test software for exe-
cution. The contents of the MAIN
module declare the duration of a
test, select the required parameter
modules, and specify their order of
execution. The MAIN module parti-
tions the testing into a number of
steps that can be easily understood
from a high level.

The DURATION statement deter-
mines the length of the tester cycle,
and normal-time selects the timing
parameter module of that name. The
WRITE commands place remarks in
the test program file for documenta-
tion purposes.

The physical characteristics of the IC
are defined through the pin definition
(PINDEF) module, which contains a
declaration of the number of circuit
pins and statements that the test
software uses to identify pins during
testing. Those pin-definition state-
ments also define pin type (input,
output, bidirectional, power, etc.). In
addition, the module may define the
device type and state whether it is
static or dynamic. Labels for each
element of the pin list can specify
such pin types as input, output,
bidirectional, power, ground, three-
state, open-drain, open-source, or
no-connection.

Minimum, nominal, and maximum
timing parameters are defined in the
TIMEPARAM module. Designers can
test the circuit under different timing
conditions by defining multiple
modules and assigning each module
its own identifier.

An additional module, EDGETIME,
creates transition edges using the
parameters defined by TIMEPARAM.
These edges determine when the
stimulus values are placed on the
input pins and when the response
values are measured during each
test cycle, indicating such timing

points as when outputs should be
sampled and when inputs should be
changed. For example, to create a
clock that remains LOW for 80 ns,
HIGH for 100 ns, and repeats every
200 ns would require the definition of
four edges. The first edge would be
at 0 ns, the second at 80 ns, the
third at 180 ns, and the fourth at
200 ns. The last edge defines the
period of the cycle and is also used
for the duration declaration.

For each test cycle, the CYCLE
module describes the stimulus for
input pins and the response for out-
put pins. If parameter values are
included within parentheses in the
module heading, a variety of values
can be placed on the input pins.
Each time the module is called, the
appropriate values are passed to it.
This module takes transition edges
from the EDGETIME module and
determines when to apply stimulus
values to the 1/O pins and when to
measure outputs during each test
cycle. CYCLE statements in the
modules specify whether a specific
pin is to be stimulated or measured.
A transition edge at a pin may be
specified by “ @ time. If not
specified, the stimulus values are
placed on the pin at the beginning of
the cycle and the responses are
measured at the end of the cycle.

With FUNCTIONTEST modules, the
designer partitions the test into
functional blocks or initialization pro-
cedures, particularly if the sections
are to be used more than once. The
first DCPARAM statement sets the
minimum and maximum measure-
ment values as well as the source
that creates them (current or
voltage). Defaults are provided if
exact values have not been selected.
An important attribute of this module
is that some portions can be used
more than once. These modules are
executed when called by the MAIN
routine or other FUNCTIONTEST
routines. They may contain WHILE
and other looping constructs to
provide a means of conditionally
executing statements.

SIMULATION AND TEST
PROGRAM GENERATION

As the software generates the test
program, it draws on the stimulus
and response values to select each
pin’s timing generators and strobes
on the basis of the value of the pin
before the cycle starts, the number
of transitions occuring on the pin
during the cycle, and if the pin is
to be an input or output during

the cycle.

The selection of mask registers is
determined by the state of the
registers at the start of the cycle and
the pins that have been activated
during the cycle. The appropriate
values are inserted into a test vector,
which is stored in a vector file with
the register set or enabling
commands. Before storing the test
vector, the software attempts to take
advantage of any vector compaction
capability of the tester.

After the test language is used to -
create the modules, the resulting
description file is loaded into VLSI-
test, which parses it and ensures
that its syntax is correct. While
parsing, the software creates a data
base from the physical character-
istics described in the PINDEF
module and from the identifiers used
throughout the circuit description.
After the program is properly com-
piled, testing may begin.

The test language itself possesses
all the power and flexibility needed
to efficiently develop test programs.
All variables and constants-are 32-bit
values that may be manipulated on a
bit-by-bit basis by a variety of
familiar operators, such as AND,
OR, and XOR. Additionally, the lan-
guage’s looping constructs present a
compact means of conditionally
executing a series of tests.
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COMPLETING THE DESIGN

Test engineering effort is still
required when using this process,
but the time spent can be a matter
of only a few weeks, rather than the
several-week period traditionally
associated with creating a test
program for a new product.

When simulation is complete and the
design works satisfactorily, the
layout process can begin. In most
cases, designers are interested in
minimizing design time and asso-
ciated costs, so they pick standard
cells for the additional blocks of logic
that will surround the megacell
cores. Cells are individually com-
piled, 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 VLSICOMPOSE,
which is a top-level composition
editor. This editor assists in inter-
connecting blocks of celis 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 flexi-
bility in package selection.

When the entire layout process is
complete, a netlist of interconnec-
tions is extracted from the physical
data base to allow comparison of
what was intended to be with what
actually was implemented. Once the
extraction is complete and the netlist
comparison between schematic and
layout is successful, the device can
be resimulated in software with more
accuracy, since values of expected

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

When all of this has been success-
fully completed, the data base is sent
to a design center, where the actual
physical layout of the megacells is
included in the data base. When
everything checks out properly, a
mask set is created and silicon is
started. From this point, the fabrica-
tion time typically takes 8 weeks for
the first-pass prototypes.

VL68C45 MEGACELL

The first VLSI Technology megacell
to be available both in standard
product form and megacell format is
the VL68C45 CRT controller. This
part is the video timing interface
component used in the IBM PC and
is commonly used in low-cost video
adapters for other personal compu-
ters as well. This megacell has been
implemented in 2-micron CMOS
technology and offers character
clock rates of up to 4.5 MHz and bus
clock rates at the full bus speed of

3 MHz. The version of the 6845
desired may be strap-selected to
choose from the Motorola R or R1
versions, the Hitachi S version or the
Synertek E version. In addition to the
standard 6845 features, up to 16 bits
of display memory may be used, the
vertical sync pulse width is program-
mable and the vertical row counter is
programmable to be 7, 8 or 9 bits. In
addition to a larger video address
space, early address lines are
provided to eliminate pipeline stages
in CRT adapter designs. Most
control signals are the same as
those offered on the standard 6845,
but additional control signals are
provided for ease of interfacing,
three-stating address buses and
option selection.

SUMMARY

Megacells offer a way to quickly
design chips that replace today’s
board-level functions, 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.

DATA BOOK

This data book presents a complete
technical description of the VLSI
Technology, Inc., Application Specific
Logic Products Division product line.
Where devices have been fully char-
acterized, either by VLSI Technology
or by one of its partners, specific
information is presented in the form
of data sheets. Information on
partially characterized devices, and
on devices currently under develop-
ment, is in the form of product
briefs. More complete data can be
obtained on any device from the
Logic Products Division Application
Department.
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GENERAL

VLSI Technology, Inc., Logic This information is organized as:

Products devices are available in a VL 9999999 bb p t e a2a9999
variety of plastic and ceramic I
packages, including chip carriers
and pin grid arrays, and in different Special Number Code
temperature ranges. Specific Environmental Grade Code
information on the packages and

temperature ranges for particular |  Temperature Code
devices is coded into the part Package Type Code

number portion of the order informa- . g ifi
tion included in each data sheet of Bin Code (product speci n?) .
sections 3 through 7. Base Part Number (up to seven digits; may include dash character)

SPECIAL NUMBER CODE = RC9999 is a ROM code number.
SL9999 is a special lead number.
SM9999 is a special marketing number.
S$S89999 is a special specification number.
ST9999 is a special test number.

ENVIRONMENTAL GRADE CODE Blank (no entry) indicates that the information is not applicable.
| indicates a 48-hour dynamic burn-in.

TEMPERATURE CODE  C indicates the commercial operating temperature range of from
0°C to +70°C.

| indicates an industrial operating temperature range of from
-40°C to +85°C.

indicates the military operating temperature range of from
-55°C to +125°C.

E=

PACKAGE TYPE CODE indicates a ceramic side-brazed dual in-line package (ceramic DIP).
indicates a cerdip. .

indicates a ceramic pin grid array (PGA).

indicates a JEDEC type-B leadless chip carrier (LCC).

indicates a plastic dual in-line package (plastic DIP).

indicates a plastic leaded chip carrier (PLCC).

The package forms indicated by the codes are illustrated in the outline
drawings contained within this section.

ODIVroHoo

PART NUMBER EXAMPLE  The part number VL68C45R-23PCSS0001 would indicate a CMOS revision R
version of the 6845 CRT controller having a 2 MHz bus clock and a 3 MHz
character clock, housed in a plastic DIP, operating over the commercial
temperature range, and tested to a special specification (#0001).
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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
microprocessors, 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

2-4
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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 40C million units).
Although 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
vears, 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
VL82C389 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 fiat
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
applications. It is usually 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 beard
costs about $0.001, a fairly small
amount until it is multiplied by the
thousands of holes that frequently
occur 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

| FLAT PACK

CHIP CARRIER

75 100 125
NUMBER OF PINS

®Multibus is a registered trademark of Intel Corporation.

150 175 200

2-5



@ VLSI TECHNOLOGY, INC.

ORDERING - PACKAGING

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 military 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 C 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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PACKAGE OUTLINES
18-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)

310 37.874) .325 (8.255)
.280 37.112) .290 (7.366)

.930 (23.622)
| .880 (22.352)
75 (4.445) 010 MIN
105 (2.667) (-2?4)
|
i PLANE BASE
SEATING PLANE
1055 (1.397)
.025 (.635) -060 (1.524 524) 175 (4.445) .012 (.305)
.065 (1.651) 7038 (.965 955) 125 (3.175) 008 (203)
—_— | —
030 (.762) 021 021 (533) 1oo (2 54) .300 (7.62)
015 (:381) TYP
NOTES: UNLESS OTHERWISE SPECIFIED.
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES ().
2. TOLERANCE TO BE +.005 (0.127).
3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT).
4. LEAD FINISH: GOLD PLATE OVER NICKEL.
18-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)
PPN
.270 (6.858)
1230 (5.842)
AVAVAVRVAVAVAY Y]
800 H(ég.szo)
1320 (8.128)
140 (3556) | g 0(23.368)—= a2
+120 (3.048) I— 200 (s 080)
|
i—f_ SEATING PLANE 015 (.381) o5
015 (.381) 008 (. 90°
o, | [T
| (1524) 1
060 (1 524) YP 350 (6.890)

oz 023 (584) 100 (2 540)
015 (381)

NOTES: UNLESS OTHERWISE SPECIFIED.

LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.

LEAD MATERIAL: ALLOY 42 OR COPPER.

PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254)
MAX. AT EACH END.

TOLERANCE TO BE +.005 (0.127) UNLESS OTHERWISE NOTED.

METRIC DIMENSIONS ARE IN PARENTHESES ().

PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.

omr N
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PACKAGE OUTLINES
20-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)

)
310 (7.874)
280 (7.112)
=rer +
1.030(26.162)
105 (2.66: .010 (.254)
H vl 980 (24.892) MIN
i_ — T BASE PLANE
1
'y SEATING
.055 (1.397) PLANE
1025 (0.635) 1060 (1.524) 175 (4.445)
. e [ EE (175 (4.445)
1085 (1.651) __ ||, 038 (969) 125 (3175)
030 (.762) .021(.533) .100 (2.540)
.015 (.381) TP
NOTES: UNLESS OTHERWISE SPECIFIED.
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
2. TOLERANCE TO BE + .005 (0.127).
3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT):
4. LEAD FINISH: GOLD PLATE OVER NICKEL.
20-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)
PPN
.270 (6.858)
1230 (5.842)
A A a
900 (22.860)
|<— R(EF )——»I
.200 ﬁgao) ‘__1'0524 (Kg.sm_. 155 (8.957)
| [~ 125 (3175)
¥ i SEATING
015 'zclpﬁm) PLANE
060 (1.524)
] L. N A 140 (3.556)
075 (1.905) 1120 (3.048)
MAX " 023(0.584) 100 (2.580)
.015 (0.381) TYP

NOTES: UNLESS OTHERWISE SPECII

1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.

2. LEAD MATERIAL: ALLOY 42 OR

012(.305)

.325 (8.255)
290 (7.366)

P | D
.008 (.203)

.320(8.128)
MAX

015 (0.381)
.008 (0.203)

F105°

90°

.350 (8.890)
TYP

COPPER.
3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX
AT EACH END.

4. TOLERANCE TO BE + .005 (0.127).

5. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.
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PACKAGE OUTLINES
24-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)

SN N N o e oy

560 (14.224)
1520 (13.208)
.'7) ERAV AR CL LT LT LR | A
: 1.100 (27.940) |
MAX
165 (4.191)
135 (3.429)
1.280 (32.512) -620(15.748)
[ MAX 015(0.381) MAX
= MIN
— 4 SEATING
1050 015 (0.381)
200 (5.0 PLANE 90° 1008 (0.203)
MAX oso (1 524; M
-120(3.048) 4650 (16.510)
e
100 2. (2. 540) oza (0. 584) TYP
TYP 1015 (0.381)
NOTES: UNLESS OTHERWISE SPECIFIED.
1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.
2. LEAD MATERIAL: ALLOY 42 OR COPPER.
3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX
AT EACH END.
4. TOLERANCE TO BE + .005 (0.127).
5. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.
28-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)
2827 16 15
610(15.434)
1580(14.732)
12 1314
1.430(36.322) .625(15.875)
.190 (4.826) 1.380(35.052) h10(254 .595(15.113)
085 (|2‘159) ooeess) <600 15.240)~
]
) T BASE PLANE
f SEATING
.070(1.778) PLANE
~°2°(-5°8) 060(1 524) .012(.305)
oas( 965) 175(4.445) .
065(1 6 ,51) 125(2.175) .008(.203)
.030(.762) oza( 584) .100(2. 540)
.015(.381) TP

NOTES: UNLESS OTHERWISE SPECIFIED.
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
2. TOLERANCE TO BE 3 .005 (0.127).

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT).
4. LEAD FINISH: GOLD PLATE OVER NICKEL.
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PACKAGE OUTLINES
28-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)
e === R

) 560 (14.224)
.520 (13.208)

ERV ARV A VLR VAVAVAVAVAVEY . V]

! 1300 (33.020)

165 (4.191) REF
1135 (3.429)
1470 (37.338) 620 (15.748)
I [~ max
= MIN
3 = SEATING prvn 015 (0.381)
1200 (5.080) | PLANE 900 —1*7.008 (0.203)
MAX . 060 (1.524) -140(3.656)
B L TYe | |e _650.(16.510)
.100 (2.540) .023 (0.584) TYP
TYP 015 (0.381)

NOTES: UNLESS OTHERWISE SPECIFIED.

LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.

LEAD MATERIAL: ALLOY 42 OR COPPER.

PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR WHICH IS .010 (0.254) MAX. AT EACH END.
TOLERANCE TO BE + .005 (0.127) UNLESS OTHERWISE NOTED.

ALL METRIC DIMENSIONS ARE IN PARENTHESES.

PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.

OmPhONS

28-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

055 (1.397) 600 (15.240)
o ez P TYP MAX GLASS
-025 (.635) R
.530 (13.460)
515 (13.081)
. il
1.460(37.084) .620 (15.748)
MAX 590 (14.986)
225 (5.715) GLASS .180M(;:i(527)
MAX
SEALANT |
I ; .070 (1.778) 11 1
h — 7020 (.508) £012 (.305)
J ) 1008 (.203)
0055+ 0.005
ere oo |«— 0.685.+0.025
(1,397 2 0.127) 125 (3.175) - 0.060
40+ 06
0.018+0.008 0.100£0.010 ity
(0.456 = 0.076) (2.540 £ 0.254)
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PACKAGE OUTLINES
40-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)

610(15.494) 625 (15875)
580 (14.732) 595 (15.113)
________ T T
1 20
2.030 (51.562)
- 1.980 (50.292)
1190 (4.826
190(4.526) 010(.254) <-600 (15.240)_,
1085 (2.159) MIN. TYP
i — BasE pLANE
f SEATING
070 (1.778) PLANE
1020 (:508) 060 (1.524
- L — 033(( %5)’ 175 (4.445) J
-065 (1.651) 100(2540) 125 (3175) -012(.305)
030(762) 023 (584) ~008 (:203)
015(381)
NOTES: UNLESS OTHERWISE SPECIFIED.
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
2. TOLERANCE TO BE + .005 (0.127).
3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT).
4. LEAD FINISH: GOLD PLATE OVER NICKEL.
40-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)
e SN N N N e e e ey
560 (14.224)
1520 (13.208)
.
EAV AL AVACAVALAVAC LAY LVEVE LY EY LR
1.900 (48.280) REF:
165 (4.191)
1135 (3.429)
0 A 1620 (15.748)
-— SE—
2.080 (52.832) MAX 0150380 - Max
I = MIN
T g ifﬁL’gG 105° .015 (0.381)
.200 (5.080) I 90° U .008(0.203)
MAX 1140 (3.656)
060 (1.524 30 (3.088)
‘ (p ) } -120 (3.048) .650 (16.510)
— . ] e
4100 (2.540) .023 (0.584) 090 (2.286) TYP

TYp 2015 (0.381) MAX

NOTES: UNLESS OTHERWISE SPECIFIED.
LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.
LEAD MATERIAL: ALLOY 42 OR COPPER.
PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX
AT EACH END.
. TOLERANCE TO BE + .005 (0.127).
. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.

oos wNa
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Ovus ey e ORDERING - PACKAGING

'PACKAGE OUTLINES
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
— 1045 (1.143)
o W O e B e O e e W W e B e O ]
N
g b |
d h
i i
i [ 660 (16.764)
g o max ©
E PIN 1 INDEX
d MAY VARY IN
SIZE AND
E Location | P
=g g g g g e
695 (17:653) R
028(0.711)
fd | — 049 (1.244)
075 (1.905) [.T ALL SIDES F_ i
MAX Y
HIl
1020 (0.762) —J L— jl:,oaz (0.812) -185(4.699)
MAX 1050 (1.270) MAX
TYP 025 (0.635)
015 (0.381)

NOTES: UNLESS OTHERWISE SPECIFIED.

1. TOLERANCE TO BE + .005 (0.127).

2. LEADFRAME MATERIAL: COPPER.

3. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP.

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG
FULL LENGTH OF LEAD.

5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010
(0.254) MAX ON FOUR SIDES.

6. ALL METRIC DIMENSIONS ARE IN PARENTHESES.

48-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)

610(15.494)
580(14.732)
e —ereep
2.430 (61.722)
2.380 (60.452) 010(.254) 625(15.875)
1190(4.826)MAX MIN | 595(15.113) |
{ T _BASE PLANE
070(1.778) SEATNG
020(508)

(508 11, oso(524) _ i 175(4.445) o12(305)_ |
.065(1.651) .100(2.540) -038(.965) — 125(3.175) -008(.203)
1030(.762) TYP 1023(.584)

015(.381) <800 TYP—~

NOTES: UNLESS OTHERWISE SPECIFIED.

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
2. TOLERANCE TO BE 3 .005 (0.127).

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT).

4. LEAD FINISH: GOLD PLATE OVER NICKEL.

2-12



® VLSI TECHNOLOGY, INC.

ORDERING + PACKAGING

PACKAGE OUTLINES
48-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)

L0 NN N N N N e a0 SN N O o o o o

570 (14.478)
530 (13.462)
o
2.300 (58.420)
F
175 (4.445) RE
1145 (3.683)
- 2450(62.230) 620(15.748)
MAX 015 (0.381) MAX
= MIN
— it SEATING 105° 1015 (0.381)
200 (5.080) I I —3 PLANE 0° -008 (0.203)
MAX 060 (15.240) -140 (3.656)
‘ TYP 1120 (3.048) 650 (16.510)
— | [ | — —l fe— -—
1100 (2.540) .023 (0.584) 075 (1.905) TYP
TYP 1010 (0.254) MAX
NOTES: UNLESS OTHERWISE SPECIFIED.
1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.
2. LEAD MATERIAL: ALLOY 42 OR COPPER.
3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX
AT EACH END.
4. TOLERANCE TO BE + .005 (0.127) UNLESS OTHERWISE NOTED.
5. METRIC DIMENSIONS ARE IN PARENTHESES.
6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.
64-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP)
64 63 3433
914(23.216)
) .884(22.454)
123 3132
720(18.288) ‘,!
3.240(82.206) L mMAX
AX
.930(23.622)
190(4.826)MAX 010(254) [~ 900(22.460)
1
e T Base pLane e
SEATING
070(1.778) PLANE
020(508) | |& .060(1.524) 175(a.445) 012(.305)
.065(1.651) .100(2.540) N -038(.965) .125(3.175) .008(.203)
.030(.762) v 1023(.584)
.015(.381)

NOTES: UNLESS OTHERWISE SPECIFIED.

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
2. TOLERANCE TO BE + .005 (0.127).

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT).

4. LEAD FINISH: GOLD PLATE OVER NICKEL.
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® VLSI TECHNOLOGY, INC. ' | |
‘ ORDERING * PACKAGING

PACKAGE OUTLINES
64-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP)

FATATATATATATAT AT R T AT T Fh B Bt B Wit B b Woh W B B e W e U ke Boke B e W W e B o B o ¥ e

.820 (20.828)
1780 (19.812)

ARV LV LVLVLVAVAVLVLVLVAVLVAVAVEVAVLVLVIVLV LV LV LV LVIV VIV VLY

e 3.100 (78.740)

PIN 1 ! REF )
-195 (4.953)

165 (4.191)

3.230 (82.042) .920 (23.368)
MAX 015 (.341) MAX
MIN
it SEATING

= .015 (.381)

105° -9 \-9%°)

230 (5.842) [ /| PLANE 505 008 (.209)
MAX

1140 (3.556) F_‘ .950 (24 130)__,|
~l '« 100 (2.540) TYP I‘oso (1.524) TYP oo TP
.065 (1.651) MAX

.023 (.508)
015 (:381)

!

NOT ES: UNLESS OTHERWISE SPECIFIED.
LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER.
LEAD MATERIAL: ALLOY 42 OR COPPER.
PACKAGE LENGTH DOES NOT iINCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX
AT EACH END.
TOLERANCE TO BE + .005 (0.127).
METRIC DIMENSIONS ARE IN PARENTHESES.
PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE.

[INES

L

68-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

- |=-.045 (1.143)
aoOOoooooooooonon
{ il
g PIN 1 INDEX Y
[i MAY VARY IN h
i SIZE AND h
i LOCATION g
Q
q h
E 0 4 .960 (24.384)
g MAX
b
i h
g 1]
g h
g 1]
i i
0
i
‘ S —
.995 (25.273)
f MAX
4° ALL SIDES
o .028 (.711)—»1 e .049 (1.244)
.075 (1.905,
M(I\X ) N\ .
i T
-030 (.762) —-l l«—oso(1.z70) —»||{l+~.032 (.812)  .185 (4.699)
MAX 025 (.635) || fjAX
015 (:381)

Norss UNLESS OTHERWISE SPECIFIED.

TOLERANCE TO BE + .005 (0.127).

LEADFRAME MATERIAL: COPPER.

LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP.

SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG
FULL LENGTH OF LEAD.

MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010
(0.254) MAX ON FOUR SIDES.

ALL METRIC DIMENSIONS ARE IN PARENTHESES.

o 0 PN
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LSI TecuN Y, INC.
®V SI TECHNOLOGY, INC ORDERING + PACKAGING

PACKAGE OUTLINES
84-PIN LEADLESS CHIP CARRIER (LCC)

1.010 (25.654)
.099 (25.146) — PIN 1
4 PLS
.039 (.991)
1033 (.838)
TYP
—
.050 (1 270)
.676 (17.170) oso (1 270) 0 (.762) x 45°__|
7664 (16.855) 077 (1.956) cHAMFEFl INDEX HORNER ™
1.161 (29.469) 7063 (1.600) .095 (2.413) _|
[ 1.139 (28.930) ] -075 (1.905)
LEAD 1 ONLY

CHOOOmO OO ATy
ELECTRICALLY ACTIVE PLANE ON THIS SIDE

SEATING PLANE

066 (1.676)
UNLESS OTHERWISE SPECIFIED: .054 (1.372)
. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
METRIC DIMENSIONS ARE IN MILLIMETERS.
TOLERANCE TO BE +.005 (0.127).
ALL EXPOSED METALLIZED AREAS SHALL BE GOLD-PLATED (60 MICROINCHES
MIN. THICKNESS) OVER NICKEL (50 MICROINCHES MIN., 350 MICROINCHES
MAX.) OVER REFRACTORY METALLIZATION.
MATERIAL: Al,0;.
JEDEC TYPE B PACKAGE.

RIS
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VLSI TECHNOLOGY, INC. ORDERING * PACKAGING

PACKAGE OUTLINES
84-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

—= [=.045 (1.143)
miniaisinlisisisisisisisisisisininiaininin}
i h |
q 1]
E 1l
PIN 1 INDEX [l
q MAY VARY IN 1
E SIZE AND h
LOCATION i
E h
il
0 ]1 160 (29.454)
E 0p max
E 1]
: h
q 1]
0 n
g i]
i
1
1

L gy g g g g
1.195 (30.353)
MAX

4° ALL SIDES

028 (.711) | |« .049 (1.244)
|
-075 (1.905)
MAX N\
B
.030 (0.762) -»‘ |¢.-050 (1.270) || |[«—.032 (.812) 185 (4.699)
MAX TYP 025 (.635) | }: M(AX )
015 (:361)

UNLESS OTHERWISE SPECIFIED:

. ALL METRIC DIMENSIONS ARE IN PARENTHESES.

METRIC DIMENSIONS ARE IN MILLIMETERS.

TOLERANCE TO BE +.005 (0.127).

LEADFRAME MATERIAL: COPPER.

LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP.

SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC
ALONG FULL LENGTH OF LEAD.

MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS
.010 (0.254) MAX. ON FOUR SIDES.

o osen
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& VLSI TECHNOLOGY, INC.
ORDERING * PACKAGING

PACKAGE OUTLINES
149-PIN CERAMIC PIN GRID ARRAY (PGA)

i BUD  oRsigGe
TYP ok
r‘@@@@@@@@@@@@@ ®
ECEEEEEEEEEEEEEE
PQEEE OO
QO OOE
OO OOE
1.412 (35.865)| @ O @ (0]0JO]
1.388 (35.255) %%8 %%%
@O 010
(0]0]0; @O
—_— QOO @ 000
030 762 o780 516%010]0101010{0[0 010]6 100,
AN
rr i -
.182 (4.622) 1.576 (40.030) 121 (3.073) 1.412 (35.865)
158 (4.013)"‘ 1.559 (39.598) 1099 (2.514) 1.saan(gg‘255)
322 &137) S B
269 (Js.asz) L —
[ .190 (a.826)
170 (a.318)
.020 (.508) 050 (1.270)
~016 (.406) 4PLS

UNLESS OTHERWISE SPECIFIED:

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES.
METRIC DIMENSIONS ARE IN MILLIMETERS.

. TOLERANCE TO BE +.005 (0.127).

. MATERIAL: Al;0;.

. LEAD MATERIAL: KOVAR.

. LEAD FINISH IS GOLD PLATING (60 MICROINCHES MIN. THICKNESS) OVER
NICKEL (100 MICROINCHES NOMINAL THICKNESS).

[LEN*EN]
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VL65C02-VL65NC02

CMOS 8-BIT MICROPROCESSOR FAMILY

FEATURES

CMOS silicon-gate technology
Low power (1.1 mA/MHz)

Software-compatible with the NMOS
6502

Single 5V power supply required
8-bit parallel processing

True indexing capability
Programmable stack pointer
Interrupt capability

Non-maskable interrupt

8-bit bidirectional data bus

Addressable memory range of up to
64K bytes

"Ready" input

Direct memory access (DMA)
capability

Clock speeds up to 4 MHz
Pipelined architecture

On-chip clock options:
- External single-input clock
- On-board clock, single external
crystal

DESCRIPTION

The VL65C02 and VL65NCO02 are 8-bit
microprocessor devices produced using
CMOS silicon-gate technology. These
devices provide advanced system
architecture for enhancements in
system performance, speed, and value
over their NMOS counterparts, the 65XX
family of microprocessor devices. The
VL65NCO2 is the CMOS equivalent of
the NMOS 6502, and contains some
enhancements. The VL65C02 contains
significant enhancements. Both CMOS
types may exhibit different intermediate
cycle information from that resident in
the NMOS 6502. Intermediate cycle
information is not specified, and should
not be used.

Both the VL65C02 and VL65NC02
provide 64K bytes of addressable
memory and an interrupt input, as well
as options for on-chip oscillators and
drivers. Both are bus-compatible and
software-compatible with the 65XX CPU
family.

CLOCK GENERATOR

The clock generator develops all internal
clock signals and (where applicable)
external clock signals associated with
the device. ltis the clock generator that

drives the timing control unit and the
external timing for slave mode
operations.

TIMING CONTROL

The timing control unit keeps track of
the instruction cycle being monitored.
The unit is setto zero each time an
instruction fetch is executed and is
advanced at the beginning of each
phase-one clock pulse for as many
cycles as is required to complete the
instruction. Each data transfer that
takes place between the registers
depends upon decoding the contents of
both the instruction register and the
timing control unit.

PROGRAM COUNTER

The 16-bit program counter provides the
addresses which step the
microprocessor through sequential
instructions in a program.

Each time the microprocessor fetches
an instruction from program memory, the
lower byte of the program counter (PCL)
is placed on the low-order bits of the
address bus and the higher byte of the
program counter (PCH) is placed on the
high-order 8 bits. The counter is
incremented each time an instruction or
data is fetched from program memory.

PIN DIAGRAM

ORDER INFORMATION

e Part Clock
Number Frequency Package

vss 41 ~ 40| FES VL65C02-01PC Plastic DIP
RDY ] 2 39 1 @2 (0UT) VL65C02-01CC 1 MHz Ceramic DIP

21(0UD) (1 3 38 [ 1 SO VL65NC02-01PC Plastic DIP
IRQ ] 4 37 [ @0 (IN) VL65NC02-01CC Ceramic DIP

-NN“% E 5 36 5 NC VL65C02-02PC Plastic DIP
syne =1 & A VL85C02-02CC s, | CeramicDIP

vVCC [ g 33 1 Do VL65NC02-02PC Plastic DIP
A0[Jo 32 1 D1 VL65NC02-02CC Ceramic DIP

Al [ 10 31 1 D2 VL65C02-03PC Plastic DIP
22 =] 11 301 ] D3 VL65C02-03CC 3 MHz Ceramic DIP

A ] 12 29 |1 D4 VL65NC02-03PC Plastic DIP
. 28 L1 D5 VL65NC02-03CC Ceramic DIP

AS ] 14 27 ] D6 . STAmE,

A6 l: 15 26 [ b7 VL65C02-04PC Plastic DIP
A7 E 16 25 ] A15 VL65C02-04CC 4 MHz Ceramic DIP

f\‘g = 17 gg % 214 VL65NC02-04PC Plastic DIP

18 13 i )
2:(1) = 19 22 3 A12 xI;ZFTNCOZ 04CC Ceramic DIP
20 211 1Vss Operating temperature range: 0°C to + 70°C
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- VL65C02-VL65NC02

BLOCK DIAGRAM

INTERNAL ARCHITECTURE

<¢————— REGISTER SECTION

CONTROL SECTION ————

- - B ES TG W
Ao INDEX K=
REGfTER » INTERRUPT
LOGIC
" TV Y
< INDEX (L
A2 REGISTER
X < 1 | | ¢———————— RDY
A3 ABL C:
STACK | L SYNC
Yt _ POINTER
REGISTER (S) | I
A5 <@
INSTRUCTION
A6 N » DECODE
ALU
; -
v LK
ADDRESS _|
BUS
A8 TIMING
ACCUMULATOR [ ¢ [4—1 coNnTROL
A) @ [
A9 ¢ 7 §
‘ 7S
A10 Q oL @
A1 K N P KD PROCESSOR CLOCK
GENERATOR
<™ - REGISTER (P) @ 20 (IN)
A2 T L——> @1 (OUT)
K—] INPUT DATA
A13 % LATOH (DL) |y —— o20um)
v L— =5
A14<- I-—> RW
DATABUS ) INSTRUCTION
A5 @ BUFFER | REGISTER
R A
FYYY) —_
1 & Do
*—P D1
LEGEND: : D2
D3 DATA
& emiTUNE » ps |~ BUS
—— 1-BITLINE & D5
® D6
» D7




TABLE 1. HARDWARE ENHANCEMENTS

The VL65C02/VL6SNC02
microprocessor devices have been
designed with several hardware and

software enhancements over the NMOS
6502 device while maintaining software

compatability. In addition to the
increased speed and lower power
consumption inherent in CMCS
technology, the VL65C02 and
VLB5NCO02 have the following
characteristics:

« Two new addressing modes

« Seven software/operational
enhancements

« Two hardware enhancements:

VL65C02 only
- 12 new instructions, 68 total
—59 new opcodes, 210 total

VLE5NCO02 only
- 8 new instructions, 64 total
— 27 new opcodes, 178 total

VL65C02

Feature VL65NC02

Pin-compatible with NMOS 6502
64K addressable bytes of memory
TRQ interrupt

TTL-level single-phase clock input
RC time base clock input

X X X X X X

Crystal time base clock input
Two-phase clock input*

x

Two-phase output clock
SYNC and RDY signals X
Bus Enable (BE) signal*

Memory Lock M) output signal*

Direct Memory Access (DMA) capability*
m interrupt signal X

*Available on other 650X types

SIGNAL DESCRIPTIONS

Signal
Description

Signal Pin
Name Number
20 (IN), 37,

@1 (OUT), 3,39

22 (0UT)

RQ 4

NMi 8

Clock Signals—The VL65(N)C02 requires an external @0 clock. @0 is a TTL-level input that
is used to generate the internal clocks of the VL65(N)C02. Two full-level output clocks are
generated by the VL65(N)C02. The @2 clock is in phase with @0. The &1 clock output is
180° out of phase with @0. When @0 is stopped, the CPU is in the standby mode.

Interrupt Request-This TTL-compatible input requests that an interrupt sequence begin
within the microprocessor. The IRQ is sampled during @2 operation; if the interrupt flag in
the processor status register is zero, the current instruction is completed and the

interrupt sequence begins during @1. The program counter.and processor status register
are stored in the stack. The microprocessor then sets the interrupt mask flag HIGH so
that no further IRQs may occur. Atthe end of this cycle, the program counter low byte is
loaded from address FFFE, and program counter high byte from location FFFF, thus
transferring program control to the memory vector located at these addresses. The RDY
signal must be in the HIGH state for any interrupt to be recognized. A 3 K-ohm external
resistor should be used for proper wire-OR operation.

Non-Maskable Interrupt-A negative-going edge on this input requests that a non-
maskable interrupt sequence be generated within the microprocessor. The NMlis
sampled during @2; the current instruction is completed and the interrupt sequence
begins during @1. The program counter is loaded with the interrupt vector from locations
FFFA (low byte) and FFFB (high byte), thereby transferring program control to the non-
maskable interrupt routine.

Note - Since this interrupt is non-maskable, another NMi can occur before the first is
finished. Care should be taken when using NMI to avoid this.

3-5



Vs vL65C02-VL65NCO2

SIGNAL DESCRIPTIONS (CONTINUED)

Signal
Name

Pin
Number

Signal
Description

RDY

RES

SYNC

AO-A15

DO0-D7

VvCC
VSS

2

38

40

9-25

33-26

8
1,21

Ready ~This input allows the user to single-cycle the microprocessor on all cycles,
including write cycles. A negative transition to the LOW state, during or coincident with
@1, halts the microprocessor with the output address lines reflecting the current address
being fetched. This condition remains through a subsequent @2 in which the ready signal
is LOW. This feature allows micrprocessor interfacing with low-speed memory as well as
direct memory access (DMA).

Read/Write —This signal is normally in the HIGH state, indicating that the microprocessor
is reading data from memory or /O bus. In the LOW state, the data bus has valid data
from the microprocessor to be stored at the addressed memory location.

Set Overflow — A negative transition on this line sets the overflow bit (V) in the processor
status register. -The signal is sampled prior to the leading edge of @2 by the processor
control time (tRWS).

Reset ~This input resets the microprocessor. Reset must be held LOW for at least two
clock cycles after VCC reaches operating voltage from a power-down. A positive
transition on this pin causes an initialization sequence to begin. Likewise, after the
system has been operating, a LOW on this line of at least two cycles ceases
microprocessing activity, followed by initialization after the positive edge on RES.

When a positive edge is detected, there is an initialization sequence lasting six clock
cycles. Then, the interrupt mask flag is set, the decimal mode is cleared, and the program
counter is loaded with the restart vector from locations FFFC (low byte) and FFFD (high
byte). This is the start location for program control. This input should be HIGH in normal
operation.

Synchronize —This output line identifies those cycles during which the microprocessor is
fetching the instruction operation code (op code). The SYNC line goes high during @1 of
an opcode fetch and stays HIGH for the remainder of that cycle. If the RDY line is pulled
LOW during the @1 clock pulse in which SYNC went HIGH, the processor stops in its
current state and remains in the state until the RDY line goes HIGH. In this manner, the
SYNC signal can be used to control RDY to cause single instruction execution.

Address Bus—A0-A15 forms a 16-bit address bus for memory and /O exchanges on the
data bus. The output of each address line is TTL-compatible, capable of driving one
standard TTL load and 130 pF.

Data Bus-The data lines constitute an 8-bit bidirectional data bus used for data
exchanges to and from the device and peripherals. The outputs are three-state buffers
capable of drivingone TTL load and 130 pF.

+5 V £ 5% power supply
Digital ground

TABLE 2. VL65C02/VL65NC02 NO OPERATION (NOP) TIMING FOR UNDEFINED

OPCODES

Notes:
"X"~ Don' care

* — Applies to VL6SNCO02 only
(valid operation for VL65C02)

Number of Bytes Expected Number of
Op code (Total, Including Op code) Cycles

X2
X3
X7
XB
XF
a4
54
D4
Fa
5C
DC
FC

2
1

WWWNNNN=S-=LAN
-t
* *
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VL65C02-VL65NC02 VIl

INSTRUCTION AND REGISTER
DECODE

Instructions fetched from memory are
gated onto the internal data bus. These
instructions are latched into the
instruction register, then decoded,
along with timing and interrupt signals,
to generate control signals for the
various registers.

ARITHMETIC/LOGIC UNIT

Ali arithmetic and iogic operations take
place in the ALU, including incrementing
and decrementing internal registers
(except the program counter). The ALU
has no internal memory and is used only
to petform logical and transient
numerical operations.
ACCUMULATOR

The accumulator is a general-purpose 8-
bit register that stores the results of
most arithmetic and logic operations.In
addition, the accumulator usually
contains one of the two data words used
inthese operations.

INDEX REGISTER

There are two 8-bit index registers (X
and Y) that may be used to count
program steps or to provide an index
value to be used in generating an
effective address.

When executing an instruction that

specifies indexed addressing, the CPU
fetches the op code and the base
address, and modifies the address by
adding the index register to it prior to
performing the desired operation. Pre-
or post-indexing of indirect addresses is
possible (see addressing modes).

STACK POINTER

The stack pointer is an 8-bit register
used to control the addressing of the
variable-length stack on page one. The
stack pointer is automatically
incremented and decremented under
control of the microprocessor to perform
stack manipulations under direction of
either the program or interrupts (NMI and
IRQ). The stack allows simple
implementation of nested sub-routines
and mulitple-level interrupts. The stack
pointer should be initialized before any
interrupts or stack operations occur.
PROCESSOR STATUS

REGISTER

The 8-bit processor status register con-
tains seven status flags. Some of the
flags are controlled by the program,
others may be controlled by the program
and the CPU. The VL65(N)C02
instruction set contains a number of

conditional branch instructions that are
designed to allow testing of these flags.

HARDWARE ENHANCEMENTS
The VL65C02 family of CPU devices
has incorporated hardware
enhancements over its NMOS
counterpart, the 6502. These hardware
enhancements are:

« The NMOS device would ignore the
assertion of a Ready (RDY) during a
write operation. The CMOS family
stops the processor during D2 clock
if RDY is asserted during a write
operation.

On the NMOS device, unused input-
only pins (IRQ, NMI, RDY, RES, and
SO) must be connected to a low
impedance signal to avoid noise
problems. These unused pins on the
CMOS devices are internally
connected by a high-impedance to
Vcec (approximately 250 K-ohms).
OPERATIONAL ENHANCEMENTS
Tables 1 and 3 list the operational
enhancements that have been added to
the CMOS family of CPU devices and
compares the results with its NMOS
6502 counterpart.

TABLE 3. SOFTWARE ENHANCEMENTS

Function

VL65C02 Microprocessor

NMOS 6502 Microprocessor

Indexed addressing across page boundary

Extra read of last instruction byte

Extra read of invalid address

Execution of invalid opcodes

All are NOPs (reserved for future use)

Some terminate only by reset;
results are undefined

Jump indirect, operand = XXFF

Page address increments and adds
one additional cycle

Page address does not
increment

Read/modify/write instructions at
effective address

Two read and one write cycles

One read and two write cycles

Decimal flag

Initialized to binary mode (D=0)
after reset and interrupts

Indeterminate after reset

Flags after decimal operation

Valid flag adds one additional cycle

Invalid N, V and Z flags

Interrupt after fetch of BRK instruction

BRK is executed, then interrupt
is executed

Interrupt vector is loaded;
BRK vector is ignored
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Vs vL65C02-VL65NCO2

ADDRESSING MODES

The VL65(N)C02 CPU family has 15
addressing modes (two more than the
NMOS-equivalent family). Inthe
following discussion of these
addressing modes, a bracketed
expression follows the title of the mode.
This expression is the term used in the
Instruction Set Opcode Matrix, Table 8,
to make it easier to identify the actual
addressing mode used by the
instruction.

ACCUMULATOR ADDRESSING
[Accum]- This form of addressing
isrepresented by a one-byte instruction,
implying an operation on the
accumulator.

IMMEDIATE ADDRESSING

[IMM] - In immediate addressing, the
second byte of the instruction contains
the operand, with no further memory
addressing required.

ABSOLUTE ADDRESSING
[Absolute] - In absolute addressing, the
second byte of the instruction specifies
the eight low-order bits of the effective
address, while the third byte specifies
the eight high-order bits. Thus, the
absolute addressing mode allows
access to the entire 64K bytes of
addressable memory.

ZERO PAGE ADDRESSING

[ZP] - The zero page instructions allow
for shorter code and execution times by
fetching only the second byte of the
instruction and assuming a zero high
address byte. Careful use of the zero
page can result in a significant increase
in code efficiency.

INDEXED ZERO PAGED
ADDRESSING

[ZP, X, or Y]- (X, Y Indexing) - This form
of addressing is used with the index
register and is referred to as "zero page,
X" or "zeropage, Y". The effective
address is calculated by adding the
second byte to the contents of the index
register. Since this is a form of "zero
page” addressing, the content of the

second byte references a location in
page zero. Additionally, due to the "zero
page” addressing nature of this mode,
no carry is added to the high-order eight
bits of memory and crossing of page
boundaries does not occur.

INDEXED ABSOLUTE
ADDRESSING

[ABS, X, or Y] - (X, Y Indexing) - This
form of addressing is used in
conjunction with X and Y index register
and is referred to as "absolute, X" and
"absolute, Y". The effective address is
formed by adding the contents of X or Y
to the address contained in the second
and third bytes of the instruction. This
mode allows the index register to
contain the index or count value and the
instruction to contain the base address.
This type of indexing allows any location
referencing and the index to modify
multiple fields, resulting in reduced
coding and execution time.

INDEXED ABSOLUTE INDIRECT
[(IND), X] - (JMP (IND), X) - The
contents of the second and third
instruction bytes are added to the X
register. The 16-bit result is a memory
address containing the effective
address.

IMPLIED ADDRESSING

[Implied] - In the implied addressing
mode, the address containing the
operand is implicity stated in the
operation code of the instruction.
RELATIVE ADDRESSING

[Relative] - Relative addressing is used
only with branch instructions and
establishes a destination for the
conditional branch.

The second byte of the instruction
becomes the operand, which is an
"offset" added to the contents of the
lower eight bits of the program counter
when the counter is set at the next
instruction. The 8-bit offset provides a
branching range of -128 to +127 bytes
from the next instruction.

INDEXED INDIRECT

ADDRESSING

[(IND, X)] - In indexed indirect
addressing, referred to as indirect, X,
the second byte of the instruction is
added to the contents of the X index
register, discarding the carry. The
result of this addition points to a memory
location on page zero whose contents
are the low-order eight bits of the
effective address. The next memory
location in page zero contains the high-
order eight bits of the effective address.
Both memory locations specifying the
high-and low-order bytes of the effective
address must be in page zero.

INDIRECT INDEXED

ADDRESSING

[(IND), Y] - In indirect indexed
addressing, referred to as indirect, Y,
the second byte of the instruction points
to a memory location in page zero. The
contents of this memory location are
added to the contents of the Y index
register, the result being the low-order
eight bits of the effective address. The
carry from this addition is added to the
contents of the next page zero memory
location, the result being the high-order
eight bits of the effective address.

ABSOLUTE INDIRECT

[Indirect] - The second byte of the
instruction contains the low-order eight
bits of a memory location. The high-
order eight bits of that memory location
are contained in the third byte of the
instruction. The contents of the fully
specified memory location are the low-
order byte of the effective address. The
next memory location contains the high-
order byte of the effective address,
which is loaded into the 16 bits of the
program counter, (JMP (IND) only).
INDIRECT

[(IND)] - The second byte of the
instruction contains a zero page
address serving as the indirect pointer.
This is not available on the NMOS 6500
family.

TABLE 4. INSTRUCTION SET SUMMARY

Notes:

1. Add 1 to “n" if page boundary is crossed, except STA and STZ X Index X
2. Add 1 to"n" if branch occurs to same page. Add 2 to “n” if branch occurs to different page. Y Index Y

3. Add 1 to “n" if decimal mode.

4. Accumulator address is included in Implied address.
5. “N" and "V" flags are unchanged in immediate mode.

A Accumuiator
M Memory per effective address V Or
Ms Memory per stack pointer

6. “Z" flag indicates AAM result (same as BIT instruction)

+ Add n No. Cycles
- Subtract # No. Bytes
A And Ms Memory Bit #6

M7 Memory Bit #7
¥ Exclusive or
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TABLE 4. INSTRUCTION SET SUMMARY (CONTINUED)

IMME-| ABSO-| ZERO| (4) 1) 1) (1) | RELA-| INDI- PROCESSOR
DIATE| LUTE | PAGE [IMPLIED|(IND. X)[(IND), Y| zPG,X| ABS.X| ABS,Y |TIVE(2)| RECT | ZPG,Y|STATUS CODE
MNE- j 7 643210] MNE-
MONIC OPERATION OP|n|#|OP|n|# [OP|n]# |OP|n|# |OP|n|#|OP[n|#|OP|n|# |OP|n|# |OP|n|# |OP|n]# [OP|n|# JOP[n|#|N V B D I ZC|MONIC
ADC [A+M+C—A (3) | 69|2|2| 6D|4|3]| 65 3|2 61| 6|2} 71| 52| 75|4|2| 70| 4|3] 79| 4 72| 52 NV e eeZC| ADC
AND [AAM-—A 29(2|2| 20|43 25 3|2 21| 6|2| 31| 52| 35/4|2| 30| 4|3| 39f4 32[5)2 Ne e oeZe|l AND
ASL [C-[7 0] —0 0E|6|3| 06| 5| 2| 0A[2]1 16|6[2| 1€[ 6|3 NeeeoezC| ASL
BCC | BRANCH IF C=0(2) 90| 2|2 ee o eoeee|l BCC
BCS | BRANCH IF C=1(2) BO| 2|2 ee o o0 BCS
BEQ | BRANCH if Z=i (2) FO| 2|2 ce e BEQ
BIT |AAM (5) | 89|2|2| 2c|4|3| 24 3|2 34}4|2] 3C| 4{3 M Mee o BIT
BMI | BRANCH IF N=1(2) 30| 2|2 oo o o BMI
BNE | BRANCH IF Z=0 (2) Do 2|2 e o 0 BNE
BPL | BRANCH IF N=0 (2) 10| 2|2 ce oo BPL
BRA | BRANCH ALWAYS(2) 80[2|2 e BRA
BRK | BREAK 00|71 ee 10 BRK
BVC | BRANCH IF V=0 (2) 50(2{2 oo o o BVC
BVS [ BRANCH IF V=1 (2) 70|22 co e BVS
CcLC (0—-cC 18(2/1 ce e CcLC
CLD [0—D D8|2|1 es 0 CLD
cL {0—1 58|2|1 ce e cLl
cv [o-v B8|2|1 «0 e« cLv
CMP | A-M c9|2{2[cD|4[3|Cs|3|2 c1|6|2| D1|5|2| D5|4]2|DD|4|3| D9]4 D2(5|2 Ne oo CMP
CPX | X-M £0|2|2|EC|4{3 | E4|3|2 ’ Ne oo CPX
CPY _|Y-M coj2|2|[cc|4{3|c4|3]2 Ne oo cpPy
DEC | DECREMENT CE|6|3|C6[5|2|3A[2]1 D6(6|2|DE| 6|3 Ne oo DEC
DEX |X-1—X CA|2|1 Ne oo DEX
DEY |Y-1-Y 88[2|1 Ne oo DEY
EOR |AY¥M —A 49|2(2| aD|4|3 | 45|3|2 41]6|2| 51[5|2| 55|4|2|5D|4|3]| 59|4 52|52 Ne oo EOR
INC | INCREMENT EE|6]3 | E6[5|2| 1A[2]1 Fe|6[2| FE{6]3 Ne oo INC
INX [X+1=X E8|2|1 Ne oo INX
INY [Y+1-=Y cs8|2|1 Ne oo INY
JMP | JUMP TO NEW LOC 4c|3|3 7C|6|3 ec|6[3 ce e JMP
JSR | JUMP suB 20[6|3 R JSR
LDA [M—A A9[2|2|AD|4[3 | A5|32 A1l6[2| B1|5]2| B5|4[2|BD|4|3]|B9|4 B2|5]2 Ne oo LDA
LDX |M—X A2|2(2| AE[4]3 | A6[3|2 BE|4 B6[4[2[N e o LDX
LDY [M—Y A0|2[2|AC[4]3 | A4[3|2 B4|4|2|BC|4|3 Ne oo LDY
LsR [o-[7__d-c 4el6|3 | 46|5(2 | 4a 21 56(6/2]| 5€| 6|3 O oo LSR
NOP | NO OPERATION EA[2]1 eo e NOP
ORA |AVM - A 09[2|2|oD|43]| 05|32 o1|6/2| 11{5/2| 15]4[2|1D|4]3] 19]4 12|5|2 Ne oo ORA
PHA [A—Ms S-1-S 48(3|1 “e oo PHA
PHP |P-Ms S-1-S 08/3]1 DRI PHP
PHX |X—Ms S-1-S DA(3(1 ce e PHX
PHY |Y-Ms S-1-S 5A[3|1 ce e PHY
PLA [S+1—-S Ms—A 68(4]1 Ne oo PLA
PLP |S+1-S Ms—P 2841 NV 1D PLP
PLX |S+1-S Ms—X FA|4[1 Ne oo PLX
PLY |S+1—=S Ms—Y 7A 41 Ne oo PLY
RoL |~ [F__0] -C 2E|6[3 | 26|5[2 | 2A2[1 36[6]2| 3E[6[3 Ne oo ROL
ROR | c-T—q - 6E|63 | 66|5|2 | 6A[2]1 76{6|2| 7E|6]3 Ne oo ROR
RTI |RTRNINT 40(6|1 NV 1D RTI
RTS |RTRN SuUB 60(6(1 ce e RTS
SBC |A-M-C—-A (3) | e92]2|eD|4[3 | E5[3]2 E1|6(2| F1|5(2| F5]4|2|FD|4[3 ]| Fo|4 F2|5(2 NV e o SBC
SEC |1-C 38[2]1 ce e SEC
SED |1-D F8|2(1 ee o 1eee| SED
SEI 1—1 781211 ce o o SEI
STA |A-M 8D|4]3 | 85/3|2 81(6]2| 91|6|2| 95{4|2|9D|5|3 | 995 92|5)2 STA
STP |STOP (1—¢2) DB|3|1 ce e STP
STX [x—M 8E|[4[3 | 86|32 96]4[2[s o o o STX
STY [Y—=M 8C|4a]3 | 84|32 94|42 s e ee el STY
STZ |00-M 9C|4[3 | 6432 74|412| 9E|(5[3 ee e oeseef 377
TAX |A =X AA[2]1 Ne o oeoZel TAX
TAY |A-Y A8f2[1 NeoeoeoZel TAY
TRB |AAM —~M (6) 1C|6|3 | 14|5(2 eeeeeZs| TRB
TSB_|AVM - M (6) 0C|6|3 ] 04]5]2 eeeseeZe] TSB
TSX [S—X BA|2[1 Ne e oeeoZe| TSX
TXA [X—A 8A (2|1 Ne o eeoZeo| TXA
TXS |Xx-S 9A (21 ee s eoeel TXS
TYA |Y—-A 98 2|1 Ne o ooZel TYA
WAI | 0—RDY CB|3|1 R WAL
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INSTRUCTION SET
Table 5 lists the instruction set for the CMOS CPU family in alphabetic order according to mnemonic. Table 6 lists the hexadecimal
codes for each of the instructions that are new to the CMOS family and were not available in the NMOS 6502 device family. Table 7
lists those instructions that were available on the NMOS family, but have been assigned new addressing modes in the CMOS CPU

family.

TABLE 5. INSTRUCTION SET LISTING (ALPHABETIC)

Mnemonic Function Mnemonic Function
(2) ADC | Add Memory to Accumulator with Carry NOP | No Operation
(2)  AND | AND Memory with Accumulator
ASL | Shift Left One Bit (Memory or Accumulator) (2) ORA| OR Memory with Accumulator
(1)(3) BBR | Branch on Bit Reset PHA | Push Accumulator on Stack
(1)(3) BBS | Branch on Bit Set PHP | Push Processor Status on Stack
BCC | Branch on Carry Clear (1) PHX | Push X Register on Stack
BCS | Branch on Carry Set (1)  PHY | Push Y Register on Stack
BEQ | Branch on Result Zero PLA | Pull Accumulator from Stack
(2) BIT | Test Bits in Memory with Accumulator PLP | Pull Processor Status from Stack
BMI | Branch on Result Minus (1)  PLX | Pull X Register from Stack
BNE | Branch on Result not Zero (1) PLY | PullY Register from Stack
BPL | Branch on Result Plus
(1)  BRA | Branch Always (1)(3) RMB | Reset Memory Bit
: BRK | Force Break ROL | Rotate One Bit Left (Memory or Accumulator)
BVC | Branch on Overflow Clear ROR| Rotate One Bit Right (Memory or Accumulator)
BVS | Branch on Overflow Set RTl | Return from Interrupt
RTS | Return from Subroutine
CLC | Clear Carry Flag
CLD | Clear Decimal Mode (2) SBC| Subtract Memory from Accumulator with Borrow
CLl Clear Interrupt Disable Bit SEC | Set Carry Flag
CLV | Clear Overflow Flag SED | Set Decimal Mode
(2) CcMP | Compare Memory and Accumulator SEl | Set Interrupt Disable Status
CPX | Compare Memory and Index X (1)(3) SMB | Set Memory Bit
CPY | Compare Memory and Index Y (2) STA | Store Accumulator in Memory
STX | Store Index X in Memory
(2) DEC | Decrement Memory by One STY | Store Index Y in Memory
DEX | Decrement Index X by One (1) STZ | Store Zero
DEY | Decrement Index Y by One
TAX | Transfer Accumulator to Index X
(2) EOR'| Exclusive-OR Memory with Accumulator TAY | Transfer Accumulator to Index Y
(1) TRB | Test and Reset Bits
(2) INC | Increment Memory by One (1) TSB | Testand Set Bits
INX | Increment Index X by One TSX | Transfer Stack Pointer to Index X
INY | Increment Index Y by One TXA | Transfer Index X to Accumulator
TXS | Transfer Index X to Stack Register
(2) JMP | Jump to New Location TYA | Transfer Index Y to Accumulator
JSR | Jump to New Location Saving Return Address
(2) LDA | Load Accumulator with Memory
LDX | Load Index X with Memory
LDY | Load Index Y with Memory
LSR | Shift One Bit Right (Memory or Accumulator)
Notes: -

(1) CMOS Instruction not available on NMOS family.
(2) Previous NMOS instruction with additional addressing mode(s) added to the CMOS family.
(3) VL65C02 instruction not available on VL65SNCO2
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TABLE 6. HEXADECIMAL CODES (NEW CMOS FAMILY INSTRUCTIONS)

Hex Mnemonic Description

80 BRA Branch Relative Always (Relative)

3A DEC Decrement Accumulator (Accum)

1A INC Increment Accumulator (Accum)

DA PHX Push X on Stack (Implied)

5A PHY Push Y on Stack (Implied)

EA PLX Pull X from Stack (Implied)

7A PLY Pull'Y from Stack (Implied)

9C STZ Store Zero (Absolute)

oE STZ Store Zero (ABS, X)

64 B1r4 Store Zero (ZP)

74 STZ Store Zero (ZP, X)

1C TRB Test and Reset Memory Bits with Accumulator (Absolute)
14 TRB Test and Reset Memory Bits with Accumulator (ZP)
oc TSB Test and Set Memory Bits with Accumulator (Absolute)
04 TSB Test and Set Memory Bits with Accumulator (ZP)
89 BIT Test Immediate with Accumulator (IMM)

OF-7F(1) BBR Branch on Bit Reset (Bit Manipulation, ZP)
8F-FF(1) BBS Branch on Bit Set (Bit Manipulation, ZP)

07-77(1) RMB Reset Memory Bit (Bit Manipulation, ZP)

87-F7(1) SMB Set Memory Bit (Bit Manipulation, ZP)

Note:

(1) Most significant digit change only. Instruction not available on VL65C02.

TABLE 7. HEXADECIMAL CODES (INSTRUCTIONS WITH NEW CMOS
ADDRESSING MODES)

Hex Mnemonic Description

72 ADC Add Memory to Accumulator with Carry [(ZP)]
32 AND AND Memory with Accumulator [(ZP)]

3C BIT Test Memory Bits with Accumulator [ABS, X]
34 BIT Test Memory Bits with Accumulator [ZP, X]

D2 CMP Compare Memory and Accumulator [(ZP)]

52 EOR Exclusive-OR Memory with Accumulator [(ZP)]
7C JMP Jump (New addressing mode) [(IND), X]

B2 LDA Load Accumulator with Memory [(ZP)]

12 ORA OR Memory with Accumulator [(ZP)]

F2 SBC Subtract Memory from Accumulator with Borrow [(ZP)]
92 STA Store Accumulator in Memory [(ZP)]
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TABLE 8. INSTRUCTION SET OPCODE MATRIX
The following matrix shows the 210 op codes associated with the VL65(N)C02 family of CPU devices. The matrix identifies the
hexadecimal code, the addressing mode, and the number of machine cycles associated with each op code.

L
oo 1 2 4 5 6 7 8 9 A ] c D E F
%]
= BRK ORA TSB ORA ASL | RMBO | PHP ORA ASL TSB ORA ASL BBRO
0 | Implied |(IND, X) zP P zP zP Implied | IMM | Accum ABS ABS ABS zZP
17 2 6 25 23 25 2513 22 (12 3 6 3 4 3 6 |3 5"
BPL ORA ORA TRB ORA ASL RMB1 cLC ORA INC TRB ORA ASL BBR1
1 | Relative | (IND), Y | (IND) zP ZP, X | ZP, X zP Implied | ABS, Y | Accum ABS | ABS, X | ABS, X| zP
2 2] 2 5 2 5 2 5 2 4 2 6 25} 12 3 4 |12 3 6 3 4 3 7 }3 5™
JSR AND BIT AND ROL | RMB2 PLP AND ROL BIT AND ROL | BBR2
2 ABS |(IND, X) zP zP zP zpP Implied | IMM | Accum ABS ABS ABS zP
3 6 2 6 2 3 23 25 25 14 2 2 12 3 4 3 4 3 6 |3 5"
BMI AND AND BIT AND ROL | RMB3 | SEC AND DEC BIT AND ROL | BBR3
3 | Relative| (IND), Y | (IND) ZP, X | ZP, X | ZP, X P Implied | ABS, Y | Accum ABS, X| ABS, X | ABS, X zP
2 2| 2 85 25 2 4 2 4 2 6 25 12 3 4 12 3 4 3 4 37 |3 5"
RTI EOR EOR LSR RMB4 | PHA EOR LSR JMP EOR LSR BBR4
4 | Implied | (IND, X) zZP zP zP Implied | IMM | Accum ABS ABS ABS zZP
16 2 6 2 3 25 25 13 2 2 12 3 3 3 4 3 6 |3 5"
BVC EOR EOR EOR LSR RMB5 CL! EOR PHY EOR LSR BBR5
5 | Relative | (IND), Y } (IND) ZP, X | ZP, X zP Implied | ABS, Y | Implied ABS, X | ABS, X zpP
2 2|2 5 25 2 4 2 6 25 12 3 4113 3 4 (37|38 5"
RTS ADC sT1Z ADC ROR | RMB6 PLA ADC ROR JMP ADC ROR | BBR6
6 | Implied | (IND, X) zpP zP zP zP Implied | IMM | Accum (ABS) ABS. ABS zZP
16 2 6t 2 3 2 3|25 25114 2 2t |t 2 3 6 3 4|3 6 |3 5
BvVS ADC ADC E1r4 ADC ROR | RMB7 SEI ADC PLY JMP ADC ROR | BBR7
7 | Relative | (IND), Y | (IND) ZP,X | ZP, X | ZP, X zP Implied | ABS, Y | Implied ABS, XJ| ABS, X | ABS, X | zZP
2 212 5% |2 5t 2 4|2 4| 26 25 12 (3 4111 4 36 |3 4t|37]|3 5"
BRA STA STY STA STX SMBO DEY BIT TXA STY STA STX BBSO
8 [Relative | (IND, X) zP zpP zP zP Implied IMM ] Implied ABS ABS ABS zP
2 3 2 6 2 3 2 3 23 25 12 2 2 )1 2 3 4 3 4 3 4 |3 5"
BCC STA STA STY STA STX SMB1 TYA STA TXS STZ STA E1r4 BBS1
9 | Relative | (IND), Y | (IND) ZP, X | ZP, X | ZP, Y zP Implied |ABS, Y |implied ABS | ABS, X |ABS, X[ ZP
2. 2¢| 2 6 2 5 2 4 2 4 2 4 25112 36|12 3 4 35 35 |3 5"
LDY LDA LDX LDY LDA LDX SMB2 | TAY LDA TAX Loy LDA LDX BBS2
A IMM [ (IND, X) | IMM ZP zrP P zP Implied | IMM |Implied ABS ABS ABS i
2 2 2 6 2 2 2 3 2 3 2 3 2 5 12 2 2 12 3 4 3 4 3 4 |3 5"
BCS LDA LDA LDY LDA LDX SMBe3 CLv LDA TSX Loy LDA LDX BBS3
B |Relative| (IND), Y | (IND) ZP, X | ZP, X | ZP, Y zP Implied |ABS, Y |Implied ABS, X| ABS, X [ ABS, Y zP
2 22 5 2 5 2 4 2 4 2 4 2 5 12 3 4 12 3 4|3 4 |3 4]3 5"
CPY CMP CPY CMP DEC | SMB4 INY CMP DEX CPY CMP DEC BBS4
Cc IMM | (IND, X) zP zP zP ZP Implied | IMM | Implied ABS ABS ABS zZP
2 2 2 6 23 2 3 2 5 2 5 12 2 2 12 3 4 3 4 3 6 (3 5"
BNE CMP CMP CMP DEC SMB5 | CLD CMP PHX CMP DEC BBSS
D | Relative|(IND), Y | (IND) ZP, X | ZP, X zZP Implied (ABS, Y | implied ABS, X | ABS, X zP
2 2" 2 5 25 2 4 2 6 2 5 12 34113 3 4 |37 |3 5"
CPX SBC CPX SBC INC SMB6 INX SBC NOP CPX SBC INC BBS6
E IMM | (IND, X) zZP zP zP zpP Implied | IMM |Implied ABS ABS ABS ZP
2 2 2 6t 23 2 3t 2 5 25112 2 2t |1 2 3 4 3 4|36 |3 5"
BEQ SBC SBC sBC INC SMB7 | SED sBC PLX SBC INC BBS7
F | Relative| (IND), Y | (IND) ZP, X | ZP, X zP Implied | ABS, Y | Implied ABS, X | ABS, X zpP
2 2|2 5t |2 5t 2 4t 2 6 2 5 12 |3 4t) 1 4 3 41| 3 7 |3 5"
(] 1 2 4 5 6 7 8 9 A B (o} D E F
tAdd 1 to N if in decimal mode.
BRK | —OP Code *Add 1 to N if page boundary is crossed.
— New Opcode Implied | —Addressing Mode **Add 1 to N if branch occurs to same page;

1

—Instruction Bytes; Machine Cycles

Add 2 to N if branch occurs to different page.

Note: All of the op codes in column 7 and column F are interpreted as a NOP in the VL65NC02.
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CRYSTAL/CLOCK CONSIDERATIONS

Figure 1 shows a time base generation scheme for 4 MHz operation of the VL65C02 or VL65NCO2 that has been tested and proven

reliable for normal environments. As with any clock oscillator circuit, stray capacitance due to board layout can cause

unpredictable results requiring "fine tuning" of the circuit. Figure 2 shows a possible external clock scheme for standby mode.

Table 9 identifies nominal crystal parameters for five crystal frequencies.

TABLE 9. CRYSTAL PARAMETERS

Frequency (MHz)
Parameter 3.58 4L 6.0 8.0 10.0 Units
RS 60 50 30-50 20-40 10-30 Q
co 35 6.5 46 4-6 35 pF
C1 0.15 0.025 0.01-0.02 | 0.01-0.02 | 0.01-0.02 pF
Q 740K 730K 720K 720K 720K
Note: AT-cut crystal parameters only. Ot hers may be used.
FIGURE 1. TIME BASE GENERATOR
15K 3.0K
NV ANV
7404 7404 7404
20 (IN)
Dc {>¢ i > 37 | vLe5C02
VL65NC02 a9
D | 22 (OuT) 22— po2
XTAL*
15K

Note: CTS Knights MP Series or equivalent.

FIGURE 2. STANDBY MODE
% ——|
)o— 20 (IN)
STOP e 22 (IN) SYNC
L=STANDBY 1D
H=ACTIVE 74HCT4 CPU
TIME - @2 (OUT)|—»
BASE i C1R Q

f
+5V

STOPPING THE CLOCK-STANDBY MODE

Caution must be exercised when configuring theVL65C02 or VLESNCO02 in the standby mode (i.e., @0 (IN) clock stopped). The
input clock can be held in the HIGH state indefinitely; however, if the input clock is held in the LOW state longer than five
microseconds, internal register and data status can be lost. Figure 2 shows a circuit that stops the @0 (IN) (VL65C02 or
VLB5NC02) clock in the HIGH state during standby mode.
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FIGURE 3. TIMING DIAGRAM

20 (IN)

1)

| l‘-— tDLY

—

{
21 (OUT) 7 \ /
pporl S g e
<4—— tCH
@2 (0UT) < | 3 <
I {ADS READ (RW =HIGH) — tﬁm’/
AO-A1 5é \%vg )3 WRITE (RW = LOW) E(
< tACC —>_»
e DSU — T le- iR
D0-D7 A &5&2&&9999:- o
(READ) XXXXXXXXXX& T
— tHW
DO-D7
oo XK KO
o RDY ACTIVE e
%Y%% X iRQ, NMI, RES ACTIVE
: €— tNM1
» |e tSOS :] l4— tRDS
% X

Note: All timing is referenced from a HIGH level of 2.4 volts and a LOW Ievel of 0.5 volts.
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A C CHARACTERISTICS: TA = 0°C to +70°C, VCC = +5 V + 5%

CLOCK TIMING

1 MHz 2 MHz 3 MHz 4 MHz
Symbol Parameter Min Max Min Max Min Max | Min Max | Units
tCYC 22 Cycle Time 1000 |Note(1)| 500 |Note(1)| 333 |[Note(1)| 250 |Note(1)| ns
tCL @2 LOW Pulse Width 430 5000 210 5000 150 | 5000 100 5000 ns
tCH D2 HiIGH Pulse Width 450 - 220 - 160 - 110 - ns
tSK2 20 to @2 LOW Skew ‘ - 50 - 50 - 40 - 30 ns
tSK1 @2 LOW to @1 HIGH Skew -20 20 -20 20 -20 20 -20 20 ns
iR, tF Clock Rise and Fall Times - 25 - 20 - 15 - 12 ns
READ/WRITE TIMING

1 MHz 2 MHz 3 MHz 4 MHz
Symbol Parameter Min Max Min Max Min Max Min Max Units
tRWS R/ﬁ Setup Time - 125 - 100 - 75 - 60 ns
tHRW R/W Hold Time 15 - 15 - 15 - 15 - ns
tADS Address Setup Time - 125 - 100 - 75 - 60 ns
tHA Address Hold Time 15 - 15 - 15 - 15 - ns
tACC Read Access Time 775 - 340 - 215 - 160 - ns
tDSU Read Data Setup Time 100 - 60 - 40 - 30 - ns
tHR Read Data Hold Time 10 - 10 - 10 - 10 - ns
tMDS Write Data Delay Time - 200 - 110 - 85 - 55 ns
tHW Write Data Hold Time 30 - 30 - 30 ~ 30 - ns
CONTROL SIGNAL TIMING

1 MHz 2 MHz 3 MHz 4 MHz
Symbol Parameter Min Max Min Max Min Max Min Max | Units
tSYS SYNC Delay ‘ - 125 - 100 - 75 - 60 ns
tRDS RDY Setup Time 200 - 110 - 80 - 60 - ns
tSOS SO Setup Time 75 - 50 - 40 - 30 - ns
tIs iRQ, RES Setup Time 200 - 110 - 80 - 60 - ns
INMI NMI Setup Time 200 | - | 150 | - | 100 | - | 70 - | ns
Notes:

(1) VL85C02 and VL65NCO2 minimum operating frequency is limited by @2 low pulse width. The processors can be stopped with
@2 held high.

3-15



V& VL65C02-VL65NCO2

ABSOLUTE MAXIMUM RATINGS

Ambient Operating
Temperature - Commercial 0°Cto +70°C
- Industrial -40°C to +85°C

Storage Temperature  -65°C to +150°C
Supply Voltage to

Ground Potential -0.3to+7.0V
Applied Output

Voltage -0.3toVCC +0.3V
Applied Input

Voltage -0.3toVCC +0.3V

Stresses above those listed under
"Absolute Maximum Ratings” may cause
permanent damage to the device. These
are stress ratings only. Functional
operation of this device at these or other
conditions above those indicated in the

operational sections of this
specification is not implied and
exposure to absolute maximum rating
conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS: TA = 0°C t6 +70°C, VCC = +5.0 V + 5% (Notes 1, 2, 3)

Symbol Parameter Min Typ Max Units Test Conditions
20 (IN) 2.4 - VCC +0.3 v
VIH Input HIGH Voltage
All Other Inputs 2.0 - VCC + 0.3 \
20 (IN) 03 - +0.4 v
VIL Input LOW Voltage
All Other Inputs -0.3 - +0.8 \
20 (IN) - - 1.0 HA
Input Leak: —_— VIN=0Vto+5.25V
N Current . NM, IRQ, RDY, - - -50 pA | VvcCc=0V
RES, SO
IS Three-State (Off-State) Input Current - R 10 pA VIN=0.4Vto+24V
D7 - DO VCC = +5.25V
VOH Output HIGH Voltage _ 24 R . v VCC=+4.75V
SYNC, D7-D0, A15-A0, RW, @1, @2 ILOAD =-100 pA
VOL Output LOW Voltage - . - +0.4 Vv VCC=+4.75V
SYNC, D7-D0, A15-A0, RW, @1, @2 ILOAD = 1.6 pA
Standby (4) . 2.0 10 pA VCC =450V
Active (5) - 2.6 - mA/MHz
ICC Supply Current
Active (6) - - 10 mA
Low Power - 1.1 - mA/MHz | RDY=0V
‘NMI, TRQ, SO, RDY - - 7 pF
CIN Input Capacitance VCC =+5.0V,
20 (IN) - - 30 pF VIN=0V,
: f=1MHz,
Clo 1/0 Capacitance - D7-D0, @1, 92_ - - 10 pF TA=25°C
COouT Output Capacitance - A15-A0, R/W, SYNC - - 10 pF
Notes:

(1) All units are direct current (D.C.).

(2) A negative sign indicates outward current flow, positive indicates inward flow.
(3) IRQ and NMI require an external pull-up resistor.

(4) Typical values are shown for VCC = +5.0 V and TA = +25°C.

(5) Typical value for power estimation only; dependent on frequency of operation.
(6) Maximum value for power consumption; independent of frequency of operation.
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CMOS 16-BIT MICROPROCESSOR FAMILY

FEATURES
» Advanced CMOS design for low power
consumption and increased noise
immunity

Single 3 - 6 V power supply, 5 V
specified

Emulation mode allows complete
hardware and software compatibility
with 6502 designs
24-bit address bus allows access to
16M Bytes of memory space

Full 16-bit ALU, Accumulator, Stack
Pointer, and Index Registers

Valid Data Address (VDA) and Valid
Program Address (VPA) output allows
dual cache and cycle steal DMA
implementation

Vector Pull (VP) output indicates when
interrupt vectors are being addressed
May be used to implement vectored
interrupt design

ABORT input and associated

vector supports interrupting any
instruction without modifying internal
registers

Separate program and data bank
registers allow program segmentation

.

« New Direct Register allows "zero page"
addressing anywhere in first 64K
bytes
24 addressing modes: 13 original 6502
modes plus 11 new addressing
modes, with 91 instructions using 255
opcodes
New Wait for Interrupt (WAI) and Stop
the Clock (STP) instructions further
reduce power consumption, decrease
interrupt latency and allow
synchronization with external events

New Co-Processor instruction (COP)
with associated vector supports co-
processor configurations (i.e., floating
point processors)

DESCRIPTION

The VLSI VL65C802 and VL65C816 are
CMOS 16-bit microprocessors featuring
total software compatibility with their 8-
bit NMOS and CMOS 6500-series
predecessors. The VL65C802 is pin-for-
pin compatible with 8-bit devices
currently available, while the VL65C816
extends addressing to a full 16
megabytes. These devices offer the
many advantages of CMOS technology,

including increased noise immunity,
higher reliability, and greatly reduced
power requirements. A software switch
determines whether the processor is in
the 8-bit "emulation” mode or in the
"native" mode, thus allowing existing
systems to use the expanded features.

The Accumuiator, ALU, X and Y Index
registers, and Stack Pointer Register
have all been extended to 16 bits. A
new 16-bit Direct PageRegister
augments the Direct Page addressing
mode (formerly Zero Page addressing).
Separate Program Bank and Data Bank
Registers allow 24-bit memory
addressing.

Four new signals provide the system
designer with many options. The
ABORT input can interrupt the currently
executing instruction without modifying
internal registers. Valid Data Address
(VDA) and Valid Program Address (VPA)
outputs facilitate dual cache memory by
indicating whether a data segment or
program segment is accessed.
Modifying a vector is made easy by
monitoring the Vector Pull (VP) output.

PIN DIAGRAMS

ORDER INFORMATION

Part Clock
VL65C816 VL65C802 Number Frequency Package
VL65C802-02PC Plastic DIP
vP 1 40 [ RES Vss 1 40 [IRES VL65C802-02CC 2 MHz Ceramic DIP
ROY([] 2 39 [ voa ROY (] 2 39 ge2(0umy) VLE5C816-02PC Plastic DIP
ABORT[] 3 38 [ m/x #1(0UT) [ 3 38150 VL65C816-02CC Ceramic DIP
iRAC] 4 37 Js2(0N) RG] 4 37 Jg20N)  VLE5C802-04PC Plastic DIP
ML s 36 1BE N s 36 FINC VL65C802-04CC 4MHz Ceramic DIP
ML & ] =i = BEINC VI 65C816-04PC Plastic DIP
;’“g ; ;; = g;‘;’m s"x‘;‘é ; z g ;‘” VL65C816-04CC Ceramic DIP
00 VL65C802-06PC Plastic DIP
Po= ! = Mo ¥B% viescaoz06ce Ceramic DIP
0 317 D2/BA2 At1q10 3102 6 MHz d
A2 1 30 ) p3/BA3 A2 303 VL65C816-06PC Plastic DIP
A3C]12 291 pa/BAG A3 12 29 p4 VL65C816-06CC Ceramic DIP
asC]3 28] D5/BAS asrdi3 28[)ps VL65C802-08PC Plastic DIP
AST 14 271 D6/BAG A5[]14 271 D6 VL65C802-08CC 8 MHz Ceramic DIP
A6 ]15 26 ] D7/BA7 A6 15 26 D7 VL65C816-08PC Plastic DIP
ATC16 251 At5 A7C]16 25 A15 VL65C816-08CC Ceramic DIP
As17 241 A14 A8 17 24 A4
A9E10 23 A13 A9[]18 23] A3
At0CJ19 22y A2 Al0J19 22 A12
A1 20 211 vss A1 20 21 vss
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BLOCK DIAGRAM
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FIGURE 1. STATUS REGISTER

STATUS REG. (P)
' 1 I BI

[E 8= EMULATION 1= 6502

NVMXD 1 ZC 0=NATIVE
CARRY  1=TRUE
ZERO 1= RESULT ZERO
IRQDISABLE . 1=DISABLE
DECIMAL MODE _* 1=TRUE

INDEXREG.SELECT 1=8BIT,0=16BIT

MEMORY SELECT 1=8BIT0=16BIT
OVER FLOW 1=TRUE
NEGATIVE 1=NEGATIVE

FIGURE 2. PROGRAMMING MODEL

f"3eTs _ 8BITS |  sBits ]

" Data Bank Reg. X Register Hi T "X Register Low

| (OBR) (XH) 0 (XL)

rEa—ta_ Bank Reg. | Y Register Hi - () Y Register Low

L___(@BR (YH) 1 (YL)

[ B " "T'Stack Register Hi L, Stack Reg. Low

|0 [Sregertie) St gy v |
= 6502 Accumulator (E) Accumulator

Registers (B) | (A)
rogram Bank Reg. Program (P'C) Counter

(PBR) wpcH) (PCL)

Direct Reg. Hi
(DH)

! Direct Reg. Low
() e Bog- Low |
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SIGNAL DESCRIPTIONS

Signal Signal

Name Description

Abort (ABORT) The Abort input is used to abort instructions (usually due to an Address Bus condition). A negative

(VL65C816) transition will inhibit modification of any internal register during the current instruction. Upon completion
of this instruction, an interrupt sequence is initiated. The location of the aborted opcode is stored as
the return address in stack memory. The Abort vector address is 00FFF8, 9 (Emulation Mode) or
OOFFES8, 9 (Native mode). Since ABORT is an edge-sensitive input, an Abort occurs whenever there is
anegative pulse (or level) on the ABORT line during a phase 2 clock.

Address Bus (A0-A15) These 16 output lines form the Address Bus for memory and I/O exchange on the Data Bus.. When
‘using the VL65C816, the address lines may be set to the high-impedance state by the Bus Enable (BE)
signal. '

Bus Enable (BE) The Bus Enable input signal allows external control of the Address and Data Buffers, as well as the RW

(VL65C816) signal. With Bus Enable high, the R/W and Address Buffers are active. The Data/Address Buffers are
active during the first half of every cycle and the second half of a write cycle. When BE is low, these
buffers are disabled. Bus Enable is an asynchronous signal.

Data Bus (D0-D7) The eight Data Bus lines provide an 8-bit bidirectional Data Bus for use during data exchange between

(VL65C802) the microprocessor and external memory or peripherals. Two memory cycles are required for the
transfer of 16-bit values.

Data/Address Bus These eight lines multiplex address bits BAO-BA7 with the data value. The address is present during

(D0/BAO-D7/BA7) the first half of a memory cycle, and the data value is read or written during the second half of the

(VL6e5C816) memory cycle. Two memory cycles are required to transfer 16-bit values. These lines may be set to the
high impedance state by the BE signal.

Emulation Status (E) The Emulation Status output reflects the state of the Emulation (E) Mode flag in the Processor Status

(VL65C816) (P) Register. This signal may be thought of as an op code extension and used for memory and system
management.

Interrupt Request The Interrupt Request input signal is used to request that an interrupt sequence be initiated. When the

(IRQ) IRQ Disable (1) Flag is cleared, a low input logic level initiates an interrupt sequence after the current
instruction is completed. The Wait for Interrupt (WAI) instruction may be executed to ensure the
interrupt is recognized immediately. The Interrupt Request vector address is 00FFFE,F (Emulation
Mode) or 0OFFEE,F (Native mode). Since IRQ is a level-sensitive input, an interrupt occurs if the
interrupt source was not cleared since the last interrupt. Also, no interrupt occurs if the interrupt
source is cleared prior to interrupt recognition.

Memory Lock (ML) The Memory Lock output may be used to ensure the integrity of Read-Modify-Write instructions in a

(VLE5C816) multiprocessor system. Memory Lock indicates the need to defer arbitration of the next bus cycle.
Memory Lock is low during the last three or five cycles of ASL, DEC, INC, LSR, ROL, ROR, TRB, and
TSB memory referencing instructions, depending on the state of the M flag.

Memory/Index Select This multiplexed output reflects the state of the Accumulator (M) and Index (X) Select Flags (bits 5 and

Status (M/X) 4 of the Processor Status (P) Register). Flag M is valid during the Phase 2 clock negative transition and

(VL65C816) Flag X is valid during the Phase 2 clock positive transition. These bits may be thought of as opcode

Non-Maskable
Interrupt (NMI)

Phase 1 Out[e'1
(OUT)] (VL65C802)

Phase 2 In [22 (IN)]

Phase 2 Out [e2
(OUT)] (VL65C802)

extensions and may be used for memory and system management.

A negative transition on the NMI input initiates an interrupt sequence. A high-to-low transition initiates
an interrupt sequence after the current instruction is completed. The Wait for Interrupt (WAI)
instruction may be executed to ensure that the interrupt will be recognized immediately. The Non-
Maskable Interrupt vector address is 00FFFA,B (Emulation Mode) or 0OFFEA,B (Native Mode). Since
NMl is an edge-sensitive input, an interrup occurs if there is a negative transition while servicing a
previous interrupt. Also, no interrupt occurs if NMI remains low.

This inverted clock output signal provides timing for external read and write operations. Executing the
Stop (STP) instruction holds this clock inthe low state.

This is the system clock input to the microprocessor internal clock generator (equivalent to 20 (IN) on
the 6502). During the low-power Standby Mode, 2 (IN) should be held in the high state to preserve the
contents of internal registers.

This clock output signal provides timing for external read and write operations. Addresses are valid
after the address setup time (Tads), following the negative transition of 22 (Out). Executing the (STP)
instruction holds 2 (Out) in the high state.
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SIGNAL DESCRIPTIONS (CONTINUED)

Signal Signal

Name Description

Read/Write (R/W) When the R/W output signal is in the high state, the microprocessor is reading data from memory or I/O.
When in the low state, the Data Bus contains valid data from the microprocessor that is to be stored at
the addressed memory location. When using the VL65C816, the R/W signal may be set to the high
impedance state by Bus Enable (BE).

Ready (RDY) This bidirectional signal indicates that a Watit for Interrupt (WAI) instruction has been executed allowing

Reset (RES)

Set Overflow (50)
(VL65C802)
Synchronize (SYNC)
(VL65C802)

Valid Data Address
(VDA) and Valid
Program Address
(VPA) (VL65C816)

VDD and VSS

Vector Pull (VP)
(VL65C816)

the user to halt operation of the microprocessor. A low input logic level will halt the microprocessor in its
current state (note that when in the Emulation Mode, the VL85C802 stops only during a read cycle).
Returning RDY to the active high state allows the microprocessor to continue following the next Phase 2
In clock negative transition. The RDY signal is internally pulled low following the execution of a Wait for
Interrupt (WAI) instruction, and then returned to the high state when a RES, ABORT, NMI, or IRQ
external interrupt is provided. This feature may be used to eliminate interrupt latency by placing the
WAl instruction at the beginning of the IRQ servicing routine. If the IRQ Disable Flag has been set, the
next instruction is executed when the IRQ occurs. The processor does stop after a WAl instruction if
RDY has been forced to a high state. The Stop (STP) instruction has no effect on RDY.

The Reset input is used to initialize the microprocessor and start program execution. The Reset input
buffer has hysteresis such that a simple R-C timing circuit may be used with the internal pullup device.
The RES signal must be held low for a least two clock cycles after VDD reaches operating voltage.
Ready (RDY) has no effect while RES is being held low. During this Reset conditioning period, the
following processor initialization takes place:

Registers
D = 0000 SH = 01
DBR = 00 XH .= 00
PBR = 00 YH = 00

N VvV M X D I Z CIE

P = x k9 1 0 1 * */1] * =Not Initialized
STP and WAI instructions are cleared.

Signals
E =1 VDA =0
M/X =1 VP =1
R/W =1 VPA =0
SYNC= 0

When Reset is brought high, an interrupt sequence is initiated:
» R/W remains in the high state during the stack address cycles.
» The Reset vector address is 00FFFC,D.

A negative transition on this input sets the Overflow (V) Flag, bit 6 of the Processor Status (P) Register.

The SYNC output is provided to identify those cycles during which the microprocessor is fetching an
opcode. The SYNC signal is high during an opcode fetch cycle, and when combined with Ready (RDY),
can be used for single instruction execution.

These two output signals indicate the type of memory being accessed by the address bus. The
following coding applies:

VDA VPA
0 0 Internal operation - Address and Data Bus available.
0 1 Valid program address - May be used for program cache control.
1 0 Valid data address - May be used for data cache control.
1 1 Op code fetch - May be used for program cache control and single
step control.

VDD is the positive supply voltage and VSS is system logic ground. Pin 21 of the two VSS pins on the
VL65C802 should be used for system ground.

The Vector Pull output indicates that a vector location is being addressed during an interrupt sequence.

VP is low during the last two interrupt sequence cycles, during which time the processor reads the
interrupt vector. The VP signal may be used to select and prioritize interrupts from several sources by
modifying the vector addresses.
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FUNCTIONAL
DESCRIPTION

The VL65C802 offers the design
engineer the opportunity to utilize both
existing software programs and
hardware configurations, while also
achieving the added advantages of
increased register lengths and faster
execution times. The VL65C802 "ease
of yse” design and implementation
features provide the designer with
increased flexibility and reduced
implementation costs. Inthe Emulation
Mode, the VL65C802 not only offers
software compatibility, but is also
hardware (pin-for-pin) compatible with
6502 designs. It provides the
advantages of 16-bit internal operation
in 6502-compatible applications. The
VL65C802 is an excellent direct
replacement microprocessor for 6502
designs.

The VL65C816 provides the design
engineer with upward mobility and
software compatibility in applications

in which a 16-bit system configuration is
desired. The VL65C816 16-bit hardware
configuration, coupled with current
software, allows a wide selection of
system applications. In the Emulation
Mode, the VL65C816 offers many
advantages, including full software
compatibility with 6502 coding. In
addition, the powerful VL65C816
instruction set and addressing modes
make it an excellent choice for new 16-
bit designs.

Internal organization of the VL65C802
and VL65C816 can be divided into two
parts: 1) the Register Section, and 2)
the Control Section. Instructions (or op
codes) obtained from program memory
are executed by implementing a series
of data transfers within the Register
Section. Signals that cause data
transfers to be executed are generated
within the Control Section. Both the
VL65C802 and VL65C816 have a 16-bit
internal architecture with an 8-bit
external data bus.

INSTRUCTION REGISTER

An opcode enters the processor on the
Data Bus and is latched into the
Instruction Register during the
instruction fetch cycle. This instruction
is then decoded, along with timing and
interrupt signals, to generate the
various Instruction Register control
signals.

TIMING CONTROL UNIT (TCU)

The Timing Control Unit keeps track of
each instruction cycle as it is executed.
The TCU is set to zero each time an
instruction fetch is executed, and is
advanced at the beginning of each cycle
for as many cycles as is required to
complete the instruction. Each data
transfer between registers depends
upon decoding the contents of both the
Instruction Register and the Timing
Control Unit.

ARITHMETIC LOGIC UNIT (ALU)

All arithmetic and logic operations take
place within the 16-bit ALU. In addition
to data operations, the ALU also
calculates the effective address for
relative and indexed addressing modes.
The result of a data operation is stored
in either memory or an internal register.
Carry, Negative, Overflow and Zero
Flags may be updated following the ALU
data operation.

INTERNAL REGISTERS (Refer to
figure 2, Programming Model.)

ACCUMULATORS (A, B, C)

The Accumulator is a general purpose
register that stores one of the operands,
or the result of most arithmetic and
logical operations. In the Native Mode
(E=0), when the Accumulator Select Bit
(M) equals zero, the Accumulator is
established as 16 bits wide (A+B=C).
When the Accumulator Select Bit (M)
equals one, the Accumulator is eight
bits wide (A). In this case, the upper
eight bits (B) may be used for temporary
storage in conjunction with the
Exchange B and A Accumulator (XBA)
instruction.

DATA BANK REGISTER (DBR)
During modes of operation, the 8-bit
Data Bank Register holds the default
bank address for memory transfers.
The 24-bit address is composed of the
16-bit instruction effective address and
the 8-bit Data Bank address. The
register value is mulitplexed with the
data value and is present on the
Data/Address lines during the first half
of a datatransfer memory cycle for the
VL65C816. The Data Bank Register is
initialized to zero during Reset.

DIRECT (D)

The 16-bit Direct Register provides an
address offset for all instructions using
direct addressing. The effective bank
zero address is formed by adding the 8-
bit instruction operand address to the

Direct Register contents. The Direct
Register is initialized to zero during
Reset.

INDEX (X AND Y)

There are two Index Registers (X and Y),
which may be used as general-purpose
registers or to provide an index value for
calculation of the effective address.
When executing an instruction with
indexed addressing, the microprocessor
fetches the opcode and the base
address, and then modifies the address
by adding the Index Register contents
to the address prior to performing the
desired operation. Pre-indexing or post-
indexing of indirect addresses may be
selected. Inthe Native Mode (E=0),
both Index Registers are 16 bits

wide If the Index Select Bit (X) equals
zero. If the Index Select Bit (X) equals
one, both registers are 8 bits wide, and
the high byte is forced to zero.
PROCESSOR STATUS (P)

The 8-bit Processor Status Register
contains status flags and mode select
bits. The Carry (C), Negative (N),
Overtlow (V), and Zero (Z) status flags
serve to report the status of most ALU
operations. These status flags are
tested by use of Conditional Branch
instructions. The Decimal (D), IRQ
Disable (1), Memory/Accumulator (M),
and Index (X) bits are used as mode
select flags. These flags are set by the
program to change microprocessor
operations.

The Emulation (E) Select and the Break
(B) flags are accessible only through the
processor Status Register. The
Emulation mode select flag is selected
by the Exchange Carry and Emulation
Bits (XCE) instruction. Table 1,
Compatibility Issues, illustrates the
features of the Native (E=0) and
Emulation (E=1) Modes. The Mand X
flags are always equal to one inthe
Emulation Mode. When an interrupt
occurs during the Emulation Mode, the
Break Flag is written to stack memory as
bit 4 of the Processor Status Register.

PROGRAM BANK REGISTER

(PBR)

The 8-bit Program Bank Register holds
the bank address for all instruction
fetches. The 24-bit address consists of
the 16-bit instruction effective address
and the 8-bit Program Bank address.
The register value is multiplexed with the
data value and presented on the
Data/Address lines during the first half
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of a program memory read cycle. The
Program Bank Register is initialized to
zero during Reset. The PHK instruction
pushes the PBR register onto the Stack.
PROGRAM COUNTER (PC)

The 16-bit Program Counter Register
provides the addresses that are used to
step the microprocessor through
sequential program instructions. The

register is incremented each time an
instruction or operand is fetched from
program memory.

STACK POINTER (S)

The Stack Pointer is a 16-bit register
that is used to indicate the next
available location in the stack memory
area. It serves as the effective address
in stack addressing modes as well as

subroutine and interrupt processing.
The Stack Pointer allows simple
implementation of nested subroutines
and multiple-level interrupts. During the
Emulation Mode, the Stack Pointer high-
order byte (SH) is always equal to one.
The bank address for all stack
operations is bank zero.

PIN DESCRIPTIONS

Pin Description Pin Description

AO-A15 Address Bus NC No Connection

ABORT Abort Input NMI Non-Maskable Interrupt
BE Bus Enable RDY Ready

#2 (IN) Phase 2 In Clock RES Reset

@1 (0OUT) Phase 1 Out Clock R/W Read/Write

@2 (OUT) Phase 2 Out Clock o) Set Overflow

D0-D7 " Data Bus SYNC Synchronize
DO/BA0-D7/BA7 Data Bus, Multiplexed VDA Valid Data Address

E Emulation Select VP Vector Pull

RQ Interrupt Request VPA Valid Program Address
ML Memory Lock Vob Positive Power Supply (+5 Volts)
M/X Mode Select (Pm or Px) Vss Internal Logic Ground
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TABLE 1. COMPATIBILITY ISSUES

65C816/802

65C02

NMOS 6502

1. S (Stack)

Always page 1 (E = 1), 8 bits
16 bits when (E = 0).

Always page 1, 8 bits

Always page 1, 8 bits

2. X (X Index Register)

Indexed page zero always in
page 0 (E=1),
Cross page (E = 0).

Always page 0

Always page 0

3. Y (Y Index Register)

Indexed page zero always in

nana 0 /E - 1
page C(&E T 1),

Cross page (E = 0).

Always page 0

Always page 0

4. A (Accumulator)

8 bits (M = 1), 16 bits (M = 0)

8 bits

8 bits

5. P (Flag Registor)

N, V, and Z flags valid in
decimal mode.
D = 0 after reset or interrupt.

N, V, and Z fiags valid in
decimal mode.
D = 0 after reset and

N, V, and Z flags invalid
in decimal mode.
D = unknown after reset.

interrupt. D not modified after interrupt.
6. Timing

A. ABS, X ASL, LSR, ROL, 7 cycles 6 cycles 7 cycles

ROR With No Page Crossing
B. Jump Indirect

Operand = XXFF 5 cycles 6 cycles 5 cycles and invalid page

crossing
C. Branch Across Page 4 cycles (E=1) 4 cycles 4 cycles
3 cycles (E = 0)

D. Decimal Mode No additional cycle Add 1 cycle No additional cycle

7. BRK Vector O0FFFE,F (E = 1) BRK bit =0 FFFE,F BRK bit = 0 on stack FFFE,F BRK bit = 0 on stack
on stack if IRQ, NMI, ABORT. if IRQ, NMI. if IRQ, NMI.
OOFFE6, 7 (E=0) X=X on
Stack always.

8. Interrupt or Break PBR not pushed (E = 1) Not available Not available

Bank Address RTI PBR not pulled (E = 1)

PBR pushed (E = 0)
RTI PBR pulled (E = 0)

9. Memory Lock (ML) ML = 0 during Read, Modify and ML = 0 during Modify and Write. | Not available

Write cycles.

10. indexed Across Page
Boundary (d).y; a,x; a,y

Extra read of invalid address.

Extra read of last instruction
fetch.

Extra read of invalid address.

11. RDY Pulled During Write Ignored (E = 1) for 65C802 only. | Processor stops Ignored
Cycle. Processor stops (E = 0).
12. WAl and STP Instructions. Available Available Not available

13. Unused OP Codes

One reserved OP Code specified
as WDM will be used in future
systems. The 65C816 performs
a no-operation.

No operation

Unknown and some “hang
up” processor.

14. Bank Address Handling

PBR = 00 after reset or interrupts.

Not available

Not available

15. R/W During Read-Modify-
Write Instructions

E =1, R/W = 0 during Modify and
Write cycles.

E =0, R/W = 0 only during

Write cycle.

R/W =0 only during Write cycle

R/W = 0 during Modify and
Write cycles.

16. Pin 7 65C802 = SYNC. SYNC SYNC
65C816 = VPA
17. COP Instruction Available Not available Not available

Signatures 00-7F user defined
Signatures 80-FF reserved
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TABLE 2. INSTRUCTION SET — ALPHABETICAL SEQUENCE

ADC  Add Memory to Accumulator with Carry PHA  Push Accumulator on Stack
AND  “AND” Memory with Accumulator PHB  Push Data Bank Register on Stack
ASL  Shift One Bit Left, Memory or Accumulator PHD  Push Direct Register on Stack
BCC  Branch on Carry Clear (Pc = 0) PHK  Push Program Bank Register on Stack
BCS  Branch on Carry Set (Pc = 1) PHP  Push Processor Status on Stack
BEQ  Branch if Equal (Pz = 1) PHX  Push Iindex X on Stack
BIT Bit Test ' PHY  Push Index Y on Stack
BMI Branch if Result Minus (P~ = 1) PLA  Pull Accumulator from Stack
BNE  Branch if Not Equal (Pz = 0) PLB  Pull Data Bank Register from Stack
BPL Branch if Result Plus (PN = 0) PLD  Pull Direct Register from Stack
BRA  Branch Always PLP  Pull Processor Status from Stack
BRK  Force Break PLX  Pull Index X from Stack
BRL . Branch Always Long PLY Pull Index Y form Stack
BVC  Branch on Overflow Clear (Pv = 0) REP  Reset Status Bits
BVS Branch on Overflow Set (Pv = 1) ROL  Rotate One Bit Left (Memory or Accumulator)
CLC  Clear Carry Flag ROR Rotate One Bit Right (Memory or Accumulator)
CLD  Clear Decimal Mode RTI Return from Interrupt
CLI Clear Interrupt Disable Bit RTL  Return from Subroutine Long
CLV  Clear Overflow Flag RTS  Return from Subroutine
CMP  Compare Memory and Accumulator SBC  Subtract Memory from Accumulator with Borrow
COP  Coprocessor SEC  Set Carry Flag
CPX  Compare Memory and Index X SED  Set Decimal Mode
CPY  Compare Memory and Index Y SE! Set Interrupt Disable Status
DEC  Decrement Memory or Accumulator by One SEP  Set Processor Status Bite
DEX  Decrement Index X by One STA Store Accumulator in Memory
DEY  Decrement Index Y by One STP  Stop the Clock
EOR  “Exclusive OR" Memory with Accumulator STX  Store Index X in Memory
INC Increment Memory or Accumulator by One STY  Store Index Y in Memory
INX Increment Index X by One STZ  Store Zero in Memory
INY Increment Index Y by One TAX  Transfer Accumulator to Index X
JML  Jump Long TAY Transfer Accumulator to Index Y
JMP  Jump to New Location TCD  Transfer C Accumulator to Direct Register
JSL Jump Subroutine Long TCS  Transfer C Accumulator to Stack Pointer Register
JSR Jump to New Location Saving Return Address TDC  Transfer Direct Register to C Accumulator
LDA  Load Accumulator with Memory TRB  Test and Reset Bit
LDX  Load Index X with Memory TSB  Test and Set Bit
LDY Load Index Y with Memory TSC  Transfer Stack Pointer Register to C Accumulator
LSR  Shift One Bit Right (Memory or Accumulator) TSX  Transfer Stack Pointer Register to Index X
MVN  Block Move Negative TXA  Transfer Index X to Accumulator
MVP  Block Move Positive TXS  Transfer Index X to Stack Pointer Register
NOP  No Operation TXY  Transfer Index X to Index Y
ORA  “OR" Memory with Accumulator TYA Transfer Index Y to Accumulator
PEA  Push Effective Absolute Address on Stack (or Push Immediate TYX  Transfer Index Y to Index X
Data on Stack) WAI Wait for Interrupt
PEI Push Effective Indirect Address on Stack (or Push Direct WDM Reserved for Future Use
Data on. Stack) XBA  Exchange B and A Accumulator
PER Push Effective Program Counter Relative Address on Stack XCE  Exchange Carry and Emulation Bits

For alternate mnemonics, see Table 7.

TABLE 3. VECTOR LOCATIONS

E=1 E=0

OOFFFE,F —IRQ/BRK  Hardware/Software OOFFEE,F —IRQ Hardware
OOFFFC,D—RESET Hardware OOFFEC,D—(Reserved)
OOFFFA,B —NMI Hardware OOFFEA,B—NMI Hardware
OOFFF8,9 —ABORT Hardware OOFFES8,9 —ABORT Hardware
OOFFF6,7 —(Reserved) OOFFES6,7 —BRK Software
OOFFF4,5 —COP Software OOFFE4,5 —COP Software

The VP output is low during the two cycles used for vector location access.
When an interrupt is executed, D = 0 and | = 1in Status Register P.

3-24



VL65C816-VL65C802 VIR

TABLE 4. OPCODE MATRIX

M M
s s
D LSD D
0 1 2 3 4 5 6 7 8 9 A B D E
0 |BRKS [ORA(dx) | COPs | ORAds | TSBd | ORAd | ASLd | ORA[d] | PHPs| ORA# | ASLA|PHDS| TSBa | ORAa | ASLa | ORAalf
2 8 2 6 2%g 2%4 2% | 23 |25 2% | 13| 22 (1 2[1*%4| 3%6 34| 36| 4%s
1| BPLr |ORA (d).y |ORA (d)|[ORA (dis).y| TRBd |ORAdx|ASLdx| ORAJdly | CLCi |ORAay| INGA[TCSi| TRBa |ORAax|ASLax|ORAalK |
2 2 2 5 2%s 2%7 2% 1 24 2 8 :*s 2 s a4 1%211%2) 3% 34 | 37| 4*s5] "
2 |[JSRa [AND(dx) | ySLal | ANDds | BITd | ANDd |ROLd | AND[d] | PLPs| AND# |ROLA|PLDs| BITa | ANDa | ROLa| ANDal| ,
36 2 6 a*g 2%, 23 | 23|25 2% |1 4| 22 |1 2[1%s5]| 3 4 34| 36| 4%*s
3| BMIT | AND (d)y |AND (d)|AND (ds),y| BIT.dx |AND dx|ROL dx | AND[d)y | SECi |ANDay| DEGA|TSCi| BIT ax |ANDax|ROL ax| ANDalq 5
2 2 25 25 2%7 2% | 24 |26 2%¢ 1203 4 | 1% |1%2| 3% 34|37 4%s
4|RTIs |EOR(dx) | WDM | EORds |MVPxyc| EORd |LSRd | EOR[d] |PHAs| EOR# [LSRA|PHKS| JMPa | EORa | LSRa | EORal| ,
17 2 6 2% 2%4 3*¥7 1 23|25 2%6 |1 3| 22 (1 2[1%3| 3 3 34| 36| 4%*s
5 |BVCr | EOR (d)y EOR (d) |EOR (ds).y [MVN xyc|EOR dx |LSR d.x [ EOR[dLy | CLIi |EORay|PHYs|TCDi| JMPal | EORax|LSRax|EORalX
2 2 2 5 2%5 2%7 3%¥7 | 24 |26 2%6 [ 12 3 4 [1%°3|1%2| a*4 34 |37 a*s
o |RTSs |ADC (dx) | PERs | ADCds | STZd | ADCd |RORd | ADG[d] |PLAs| ADC# |[RORA(RTLs| JMP (a) | ADCa | RORa [ ADCal|
16 2 6 3%s 2%4 2°3 | 23 |25 2% (14| 22 |1 2[1*%s| 3 5 34| 36| 4%s
7|BVS T |ADC )y [ADG (d)|ADC (ds).y| STZdix |ADC d.x [ROR dix| ADC,jdly | SEIi [ADCay| PLYs |TDC i |JMP (ax) | ADC ax|ROR ax{ ADCalx .
2 2 2 5 2%s5 2%7 2%4 | 24 )26 2% |1 2|34 |1%4|1%2| 3%6 34|37 a%*s
o |BRAT|STA(dx) | BRLA | STAds | STvd | STAQ [STXd | STA[d] |DEVi| BIT# | TXAi|PHBsS| STYa | STAa | STXa | STAal| o
2%2 | 26 3*3 2%4 23 (23|23 2% |1 2| 2% |1 2[1*3| 3 4 34| 34| a*s
o |BCCr| STA(d)y |STA(d) |STA (ds)y | STY dx |STAdx|STX dy | STAldLy | TYAi [STAay| TXSi|TXYi| STZa |STAax|STZax|STAalx| o
2 2 26 2%s 2%7 24 |24 |24 2%6 (12|35 |1 2(1%2| 3%4 35 | 3% | 4%*s
A|LDY#|LDA(dx) [ LDX# | LDAds | LDYd | LDAd [LDXd | LDA[d] | TAYi | LDA# | TAXi|PLBs| LDYa | LDAa | LDXa | LDAal| ,
2 2 2 6 2 2 2%y 23 (23123 2% |1 2] 22 |1 2|1*4] 3 4 34|34 a*s
g |BCS | LDA(d)y |LDA (d)|LDA (d:s)y [ LDY dx [LDAdx|LDXdy| LDA[d]y | CLVi |LDAay| TSXi |TYXi| LDY ax | LDAax|LDXay|LDAalx o
2 2 25 2%s5 2%7 24 | 24|24 2%g 12|34 |1 2|1%2] 3 4 34 | 34| a*s
c|CPY#|CMP(0x) | REP# | CMPds | CPYd | CMPd |DECd | CMP[d] | INYi | CMP# | DEXi|WAIli| CPYa | CMPa | DECa | CMPal
2 2 2 6 2%3 2%4 23 |23 |25 2% (1 2] 22 |1 2[1%°3] 3 4 34 (36| 4%s
D |BNET [CMP (d),y |CMP (d) CMP (ds)y| PEls |CMP dx|DECdx| CMP[dLy | CLDi [CMPay| PHX s [STP i | JML (a) [CMP ax|DEC ax|CMPaly
2 2 2 5 2%s5 2%7 2% | 2.4 |26 2% |1 2] 34 |1°3[1°3| 3% 34 37| 4%*s
g |CPX# [SBC(dx) | SEP# | SBCds | CPXxd | SBCd | INCd | SBC[d] | INXi | SBC# | NOPi|XBAi| CPXa | SBCa | INCa | SBCal| .
2 2 2 6 2%3 2%y 23 |23 |25 2% |1 2] 22 |1 2{1*3| 3 4 34 | 36| 4%s
¢ |BEQr | SBC (d)y |SBG(a) [SBC (ds)y| PEAs [SBCdx |INCdx | SBC[dly | SEDi |SBCay| PLXs |XGE i |JSR (ax) | SBC ax | INCax|SBGald
22| 25 2°s5 2%7 3%5 [ 24 |26 2%6 |1 2|3 4 |1%|1*2| 3% | 34 | 37 | a*s
0 1 2 3 4 5 6 7 8 9 A B c D E
symbol | addressing mode symbol | addressing mode
# immediate [d] direct indirect long
A accumulator [dLy direct indirect long indexed
r program counter relative a absolute
rl program counter relative long a,x absolute indexed (with x)
i implied ay absolute indexed (with y)
s stack al absolute long
d direct al,x absolute long indexed
d,x direct indexed (with x) ds stack relative
dy direct indexed (with y) (d,s).y stack relative indirect indexed
(d) direct indirect (a) absolute indirect
(d,x) direct indexed indirect (a,x) absolute indexed indirect
).y direct indirect indexed Xyc block move
Op Code Matrix Legend
INSTRUCTION ADDRESSING
MNEMONIC *=New ,65C816/802 Opcodes MODE
e =New 65C02 Opcodes
BASE Blank = NMOS 6502 Opcodes BASE
NO. BYTES NO. CYCLES
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PROCESSOR
TABLE 5. sl _ > STATUS CODE
. =
Sles X x| > x| X]>» - x wl2lQ91765 43210
=elwlol<|-|2|2|2||d|a |||~ |=[S|E|E|(E||F 2 |R VvV xDo TG
OPERATION 12|34 |5]6]7|8|9|10]11]12]13]1a|15 [6[17]18 19|20 |21 [22[23[2a[N V 1 BD | z C
ADC A+M+C—A 696D [ 6F |65 717716175 70 |7F | 79 72 (67 63 |73 N V Z C
AND AAM = A 29 | 2D (2F |25 31 (372135 3D |3F | 39 32 |27 23 |33 N . zZ .
ASL c— [i57 -0 OE 06 |0A 16 1E N ZcC
BCC BRANCH IF 90 . S
BCS BRANCH IF B0
BEQ BRANCH IFZ =1 FO S
BIT AAM (NOTE 1) 89 | 2C 24 34 3c MM . . . . Z
BMI BRANCH IF N = 30 R
BNE BRANCH IF Z DO
BPL BRANCH IF N =0 10
BRA BRANCH ALWAYS 80 e . .
BRK BREAK (NOTE 2) 00 Y N |
BRL BRANCH LONG ALWAYS 82 e
BVC BRANCH 50
BVS BRANCHIFV 9 70
cLC 0-C 18 RIS
cLD 0-D D8 P
oLl 01 58 A
cLV 0-V B8 L0 ...
CMP A-M co[CD|CF|C5 D1{D7|C1|D5 DD {DF | D9 D2 |C7 c3 |D3 N. . ...z
COP CO-PROCESSOR 02 . . .01 .
CPX X-M EO|EC E4 N LDz
CPY Y-M cofcc| |[c4 N z
DEC DECREMENT CE c6 |3A D6 DE N z
DEX X-1-=X cA N z
DEY Y-1-Y 88 N z
EOR AVM = A 494D | 4F |45 51|57 41|55 5D |5F | 59 52 |47 43 |53 N z
INC INCREMENTS EE E6 [1A F6 FE N z
INX X+1=X E8 N z
INY Y+1-Y cs N z
JML JUMP LONG TO NEW LOC. DC . R
JMP JUMP TO NEW L ac|sc 6C 7C . .
JSL JUMP LONG TO sua 22 . :
JSR JUMP TO SUB 20 FC . .
LDA M—A A9| AD| AF|AS B1(B7[A1{B5 BD |BF { B9 B2 (A7 A3 |B3 N z
LDX M- X A2[AE A6 B6 BE N I3
LDY M-Y AO|AC| A4 B84 8C N z
LSR o« 4E 46 [4A 56 SE 0 z
MVN ~-M 541 . .o *
MVP M M FORWARD 14 Clw
NOP | NO OPERATION IE)
ORA AVM — A 09 0D| OF |05 11 |17{01{15 1D |1F |19 12|07 03 [13 N z
PEA Mpc +1, Mpc +2 — Ms - 1, Ms F4
§-2-5
PEI M(d), M(d + 1) ~ Ms - 1, Ms D4
S-2-
PER Mpc + rl, Mpc + 1l + 1 —~ Ms - 1, Ms 62
s-2—-§
PHA A-Ms,S-1-8
PHB DBR—Ms,S-1~8§ 88
PHD D—Ms,Ms-1,5-2—-5S 08 *
PHK PBR—Ms, S-1~ 48 %
PHP P-Ms,S-1-S 08 .
PHX X—~Ms,S-1—§ DA . . e
PHY Y—Ms,S-1-~8 SA . . . e
PLA S+1-5 Ms—A 68 N .. z .
PLB S+1—S,Ms— DBR AB N . z | |*
PLD S+2-S,Ms-1,Ms—~D 28 N . z . |*
PLP S+1-S,Ms—P 28 NVMXDI ZC
PLX S+1-5 Ms—X FA N . .
PLY S+1-8, Ms—Y 7A N . z .
REP MAP — P C2| NVMXDI1 ZC
ROL -C 2E 26 |2A 36 3E N zc
ROR C— @_j 6E 66 [6A 76 7E N zc
RTI RTRN FROM INT. 40 NVMXDIizCcC
RTL RTRN FROM SUB. LONG 6B A . o
RTS RTRN SUBROUTINE 60 . .
SBC A-M-C—A E9| ED| EF | E5 F1|F7|E1|F5 FD |FF|F9 F2|E7 E3 [F3 NV . zcC
SEC 1=C
SED 1-D F8 1
SEI 11 78 1
SEP MVP — P E2 NVMXDI Z
STA A—-M 8D| 8F | 85 91 |97| 81|95 9D | 9F | 99 92|87 83 |93
STP STOP (1— ¢2) DB .
STX X—~M 8E 86 96 Lo
STY Y-M 8C 84 9 Lo
sT1Z 00—~ M 9C 64 74 9E LLe
TAX A—X AA N Lz .
TAY A-Y A8 N A
TCD Cc-D 58 N Lz %
TCS c-s 18 R £
TDC D-C 78 N A
TRB 1C 14 L Z e
TSB AVM ~ M oC 04 ~Z e
TSC s—-C 38 Lz o |*
TSX S—X BA N Lz
TXA X—A 8A N Lz
TXS X—8 9A . L
TXY XY 9B N z . |*
TYA Y—A 98 N z .
TYX Y- X B8 N zZ [ |*
WAI 0 - RDY cB . e
WDM | NO OPERATION (RESERVED) 42 l*
XBA B——A EB N z . |*
XCE C—E FB %
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TABLE 6. DETAILED INSTRUCTION OPERATION

2b.

14

2d.

o

*3b.

*3c.

4b.

(2.3 and 4 cycles)

ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESSBUS DATABUS R/W ADDRESS MODE CYCLE VP, WL, VDA,VPA ADDRESS BUS DATA BUS
. Immediate # 1 11 1 1 PBRPC Op Code 1 ® 6c. Wait For Interrupt
(LDY,CPY,CPX,LDX,ORA, 2 1 1 0 1 PBRPC+ DL 1 (WAI) 1 11t 1 1 1 PBRPC Op Code
ANDEORADCBIT.LDA, (1)(8) 2a. 1 1 0 1 PBRPC+2 IDH 1 (1 Op Code) © 2 1.1 0 0 1 PBRPC+1 10
CMP,SBC REP.SEP) (1 byte) 3. 1.1 0 0 0 PBRPCH IO
(14 Op Codes) (3 cycles) 1. 1 1 1 1 1 PBRPC+1 IRQ(BRK)
(2and 3 bytes) ® 6d. Stop-The-Clock
(2and 3 cycles) STP) 1 11 1 1 1 PBRPC Op Code
. Absolute a 1. 11 1 1 PBRPC Op Code 1 (1 0p Code) 2. 11 0 0 1 PBRPGC+ 10
(BIT.STY,STZLDY, 2. 11 0 1 PBRPC# AAL 1 (1 byte) 3. 1 1 0 0 1 PBRPC+ IO
CRY,CPXSTX.LTK, 35 © 00 1 PBRPUYC AAH ) S cycies) e v 1 U 0 1 PBRPC+1 RES(BRK)
ORA,AND,EOR,ADC, 4. 1 1 1 0 DBRAA Data Low 1/0 . 1 1 0 0 1 PBRPC+1 RES(BRK)
STA,LDA,CMP,SBC) (1) 42 1 1 1 0 DBRAA+ Data High  1/0 2. 1 1 0 0 1 PBRPC+1 RES(BRK)
(18 Op Codes) See 21a Stack 1. 1 1 1 1 1 PBRPC+l BEGIN
(3 bytes) (Hardware interrupt)
(4 and 5 cycles)
Absolute (R-M-W) a 1. 1 1 1 1 PBRPC Op Code 1 7. Direct Indirect Indexed (d),y 1. 11 1 1 PBRPC Op Code
2. 1 1 0 1 PBRPC+ AAL 1 (ORA,AND,EOR.ADC, 2. 1 1 0 1 PBRPG+ DO
(ASL,ROL,LSR,ROR 3. 1 1 0 1 PBRPC+2 AAH 1 STA,LDA,CMP,SBC) (2 2a. 1t 1 0 0 PBRPC+ 10
DEC.INC,TSB, TRB) 4. 1 0 1 0 DBRAA Data Low 1 (8 Op Codes) 3. 1 1 1 0 0D+DO AAL
(6 Op Codes) (1) 4a 1 0 1 0 DBRAA+ Data High 1 (2 bytes) 4. 1 1 1 0 0D+DO+ AAH
(3 bytes) @) 5. 1 0 0 0 DBRAA+ 10 1 (5,6,7 and 8 cycles) (4) 4a. 1 1t 0 0 DBRAAHAAL*YLIO
(6:and 8 cycles) (1) 6a. 1 0 1 0 DBRAAH DataHigh 0 5. 11 1 0 DBRAA+Y Data Low
6. 10 1 0 DBRAA Data Low 0 (1) 5 1 1 1 0 DBRAA+Y+1 DataHigh
. Absolute (JUMP) a 1. 1 1 1 1 PBRPC Op Code 1 8. Direct Indirect 1. 1 1 1 1 PBRPC Op Code
(JMP)(4C) 2. 1 1 0 1 PBRPCH NEW PCL 1 Indexed Long [d],y 2. 1 1 0 1 PBRPCHl DO
(1 0p Code) 3. 1 1 0 1 PBRPC+2 NEWPCH 1 (ORA,AND,EOR,ADC., 2 2a. 1 1 0 0 PBRPC+ 10
(3 bytes) 1. 11 1 1 PBRNEWPC Op Code 1 STA,LDA.CMP.SBC) 3. 11 1 0 0D+DO AAL
(3 cycles) (8 Op Codes) 4. 11 1 0 0D+DO* AAH
(2 bytes) 5. 11 1 0 0D+DO+2 AAB
Absolute (Jump to 1. 1t 1 1 1 PBRPC Op Code 1 (6,7 and 8 cycles) 6. 1 1 1 0 AABAA+Y Data Low
subroutine) & 2. 1 1 0 1 PBRPCH NEW PGL 1 (1) 6a 1 1 1 0 AABAA+Y+1  DataHigh
(JSR) 3. 1 1 0 1 PBRPC+2 NEW PCH 1 9. Direct Indexed Indirect (d,x) 1. 1 1 1 1 PBRPC Op Code
(1 0p Code) 4. 11 0 0 PBRPC#2 10 1 (ORA,AND,EORADC, 2. 11 0 1 PBRPC+ DO
(3 bytes) 5. 11 1 008 PCH 0 STA,LDA,CMP,SBC) (2 2a 1 1 0 0 PBRPC+ 10
(6 cycles) 6. 11 0 084 PCL o (8 Op Codes) 3. 11 0 0 PBRPC+ 10
(different order from N6502) 1. 101 1 1 PBRNEWPC NextOpCode 1 (2 bytes) 4. 1 1 1 0 0D+DO+X AAL
Absolute Long al 1. 11 1 1 PBRPC Op Code 1 (6.7 and 8 cycles) 5. 1 1 1 0 0D+DO+X+1  AAH
(ORA,AND,EOR,ADC 2. 1 1 0 1 PBRPC+ AAL 1 6. 1 1 1 0 DBRAA Data Low
STA,LDA.CMP,SBC) 3. 11 0 1 PBRPC+2 AAH 1 (1) 62 1 1 1 0 DBRAA+ Data High
(8 Op Codes) 4. 11 0 1 PBRPC+3 AAB 1 10a. Direct,X d,x 1. 1 1 1 1 PBRPC Op Code
(4 bytes) 5. 11 1 0 AABAA Datalow  1/0 (BIT.STZSTY.LDY, 2 11 0 1 PBRPCH 00
(5 and 6 cycles) (1) Ssa. 1 1 1 0 AABAA+1 Data High 1/0 ORA,AND,EOR.ADC, (2) 2a. 101 0 0 PBR,PC+t 10
Absolute Long (JUMP) al 1. 1 1 1 1 PBRPC Op Code 1 STA,LDA,.CMP.SBC) 3. 1 1 0 0 PBRPC+ 10
(JMP) 2. 1 1 0 1 PBRPCH NEWPCL 1 (11 Op Codes) 4. 11 1 0 0D+DO+X Data Low
(1 0p Code) 3. 1 1 0 1 PBRPC# NEWPCH 1 (2 bytes) (1) 4 1 1 1 0 O0D+DO+X+1  DataHigh
(4 bytes) 4. 11 0 1 PBRPC+ NEW BR 1 (4,5 and 6 cycles)
(4 cycles) 1 11 1 1 NEWPBRPC OpCode 10b. Direct X(R-M-W) dx 1. 1 1 1 1 PBRPC Op Code
1 (ASL,ROL LSR.ROR, 2. 1 1 0 1 PBRPC+ DO
DEC,INC) 2 22 1 1 0 0 PBRPC+ 10
Absolute Long (Jump to 1. 11 1 1 PBRPC Op Code 1 (6 Op Codes) 3. 1 1 0 0 PBRPCH 10
Subroutine Long) al 2. 1 1 0 1 PBRPCH NEW PCL 1 (2 bytes) 4. 1 0 1 0 0D+DO+X Data Low
(JsL) 3. 11 0 1 PBRPC+2 NEWPCH 1 (67,8 and 9 cycles) (1) 4 1 0 1 0 0D+DO+X+1  DataHigh
(1 Op Code) 4. 11 1 0 08 PBR 0 3) 5 10 0 0 0D+DO+X+1 1O
(4 bytes) 5. 11 0 0 08 10 1 (1) 6a 1 0 1 0 0D+DO+X+1  DataHigh
(7 cycles) 6. 1 1 0 1 PBRPC+3 NEWPBR 1 6. 1 0 1 0 0D+DO+X Data Low
7. 11 1 0 081 PCH 0 11. Direct,Y dy 1. 1.1 1 1 PBRPC Op Code
8 11 1 0 082 pcL o (STX,LDX) 2 11 0 1 PBRPC+ Do
1. 1 1 1 1 NEWPBRPC NextOpCode 1 (2 Op Codes) @ 2 1 1 0 0 PBRPC+ 10
. Direct d 1. 11 1 1 PBRPC Op Code 1 (2 bytes) 3. 1 1 0 0 PBRPCH 10
(BIT,STZSTY,LDY, 2. 11 0 1 PBRPCH DO 1 (4.5 and 6 cycles) 4. 1 1 1 0 0D+DO+Y Data Low
CPY,CPX,STX,LDX, (2 2a. 1 1 0 0 PBRPCH 10 1 (1) 4 1 1 1 0 0D+*DO+Y+1  DataHigh
ORA,AND,EOR,ADC, 3. 1 1 1 0 0D+DO Datalow  1/0 12a. Absolute.X ax 1 1 1 1 1 PBRPC Op Code
STA,LDA,CMP.SBC) (1) 3 1 1 1 0 0D+DO* DataHigh  1/0 (BITLDY.STZ. 2. 11 0 1 PBRPC+ AAL
(18 Op Codes) ORA,AND,EOR,ADC, 3. 1 1 0 1 PBRPC+2 AAH
(2 bytes) STA,LDA,CMP.SBC) (4 3 1 1 0 0 DBRAAHAAL+XLIO
(3.4 and 5 cycles) (11 Op Codes) 4. 1 1 1 0 DBRAA+X Data Low
Direct (R-M-W) d 1. 1 1 1 1 PBRPC Op Code 1 (3 bytes) (1) 4a. 1 1 1 0 DBRAA+X+1 DataHigh
(ASL,ROL.LSR,ROR 2. 1 1 0 1 PBRPC+ Do 1 (4,5 and 6 cycles)
DEC,INC, TSB, TRB) (@ 2a 1 1 0 0 PBRPCH 10 1 12b. Absolute,X(R-M-W) a,x 1. 11 1 1 PBRPC Op Code
(6 Op Codes) 3. t 0 1 0 0D+DO Data Low 1 (ASL,ROL,LSR,ROR, 2. 11 0 1 PBRPC+ AAL
(2 bytes) (1) 3 1 0 1 0 0D+DO+ DataHigh 1 DEC.INC) 3 1 1 0 1 PBRPC+2 AAH
(5,6.7 and 8 cycles) ) 4 1.0 0 0 0D+DO+ 10 1 (6 Op Codes) 4 1 1 0 0 DBRAAHAAL+XLIO
(1) s 1 0 1 0 0D+DO+1 Data High o (3 bytes) 5. 1 0 1 0 DBRAA+X Data Low
s. 1 0 1 0 0D+DO Data Low o (7 and 9 cycles) (1) 5a. 1 0 1 0 DBRAA+X+1  DataHigh
Accumulator A 1 1 1 1 1 PBRPC Op Code 1 ©) 6. 1 0 0 0 DBRAA+X+1 10
(ASL,INC,ROL,DEC,LSR,ROR) 2. 1 1 0 0 PBRPCH 10 1 (1) 7a. 1 0 1 0 DBRAA+#X+1 - DataHigh
(6 Op Codes) 7. 1 0 1 0 DBRAA+X Data Low
(1 byte) #13. Absolute Long,X al,x 1. 11 1 1 PBRPC Op Code
(2 cycles) (ORA,AND,EOR,ADC, 2. 11 0 1 PBRPC+l AAL
Implied | 1. 11 1 1 PBRPC Op Code 1 STA,LDA,CMP,SBC) 3. 11 0 1 PBRPC+2 AAH
(DEY, INY. INX, DEX, NOP, 2 1 1 0 0 PBRPC+ 10 1 (8 Op Codes) 4. 1 1 0 1 PBRPC+3 AAB
XCE, TYA, TAY,TXA, TXS, (4 bytes) 5. 11 1 0 AABAA#X Data Low
TAX,TSX,TCS.TSC.TCD, (5 and 6 cycles) (1) 5a 1 1 1 0 AABAA+X+1  DataHigh
TDC,TXY,TYX,CLC,SEC. 14, Absolute.Y a,y 1. 11 1 1 PBRPC Op Code
CLI,SEI,CLV,CLD,SED) (LDX,0RA,AND,EOR,ADC, 2. 1 1 0 1 PBRPCH AAL
(25 Op Codes) STA,LDA,CMP,SBC) 3. 1 1 0 1 PBRPC+2 AAH
(1 byte) (9 Op Codes) (4 3 1 1 0 0 DBRAAHAAL+YLIO
(2 cycles) (3 bytes) 4. 11 1 0 DBRAAYY Data Low
implied | 1. 1 1 1t 1 PBRPC Op Code 1 (4,5 and 6 cycles) (1) 4a. 1 1 1 0 DBRAA*Y+1  DataHigh
(XBA) 2 1t 1 0 0 PBRPC+H 10 1 15. Relative r 1 11 1 1 PBRPC Op Code
(1 Op Codey 3 11 0 0 PBRPCH 10 1 (BPL,BMI,BVC,BVS,BCC, 2. 11 0 1 PBRPC+ Offset
(1 byte) BCS,BNE.BEQ,BRA) (5) 2a. 1 1 0 0 PBRPCH 10
(3 cycles) (9 Op Codes) (6) 2b. 1 1 0 0 PBRPC+ 10
(2 bytes) 1. 1 1 1 1 PBRPC+Offset Op Code

b
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TABLE 6. DETAILED INSTRUCTION OPERATION (CONT.)

ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATABUS R/W ADDRESS MODE CYCLE VP, ML,VDA,VPA ADDRESS BUS DATABUS R/W

*16. Relative Long 1. 11 1. 1 PBRPC Op Code 1 21f. Stack (Push) s 1. 1 1 1 1 PBRPC Op Code 1

BRL) 2. 11 0 1 PBR,PC+1 Offset Low 1 (PHP,PHA, PHY PHX, 2. 1 1 [ 0 PBR,PC+1 10 1
(1 Op Code) 3. 1 1 0 1 PBRPC+2 Offset High 1 PHD,PHK,PHB) (1) 3 1 1 1 0 0S Register High 1
(3 bytes) a. 1 1 0 0 PBRPC+2 10 1 (7.0p Codes) 3. 11 1 0 081 Register Low 1
(4 cycles) 1. 1 1 1t 1 PBRPC+Offset Op Code 1 (1 byte)

17a. Absolute Indirect (a) 1. 1 1 1 1 PBRPC Op Code 1 (3and 4 cycles)

(JMP) 2. 11 0 1 PBRPC+ AAL 1 21g. Stack (Pull) 1 1 1 1 1 PBRPC Op Code 1
(1 0p Code) 3. 1 1 0 1 PBRPC+2 AAH 1 (PLP.PLA,PLY,PLX,PLD,PLB) 2. 1 1 0 0 PBRPCH 10 1
(3 bytes) 4. 111 0 0AA NEWPCL 1 (Different than N6502) 3, 1 1 0 0 PBRPC+ 10 1
(5 cycles) 5. 1.1 1 0 0AA+1 NEW PCH 1 (6 Op Codes) 4. 11 1 0 05+ Register Low 1

1. 1 1 1 1 PBRNEWPC Op Code 1 (1 byte) (1) 4a. 1.1 1 0 0S+2 Register High 1

%17b. Absolute Indirect (a) 1. 1 1 1 1 PBRPC Op Code 1 (4-and 5 cycles)

2. 1 1 0 1 PBRPC+ AAL 1 #*21h. Stack (Push Effective 1. 11 1 1 PBRPC Op Code 1
(ML) 3. 1.1 0 1 PBRPCe2 AAH 1 Indirect Address) s 2 1 1 0 1 PBRPCH DO 1
(1 Op Code) a. 11 1 0 0AA NEWPCL 1 (PEI) (2 2a 1 1 0 0 PBRPC+ 10 1
(3 bytes) 5. 1 1 10 0AA+1 NEW PCH 1 (1 Op Code) 3. 1 1 1 0 0D+DO AAL 1
(6 cycles) 6. 11 1 0 0AAs2 NEWPBR 1 (2 bytes) a. 1 1.1 0 0D+DO+ AAH 1

1 1 1 1. 1 NEWPBRPC Op Code 1 (6.and 7 cycles) 5. 11 1 0 0S AAH [

18, Direct Indirect (d) 1 1 1 1 1 PBRPC Op Code 1 6. 11 1 0 081 AAL 0
(ORA,AND,EOR.ADC, 2. 1 1 0 1 PBRPC+ DO 1 #21i. Stack (Push Effective 1. 111 1 PBRPC Op Code 1
STA,LDA,CMP,SBC) 2 2a. 1 1 0 0 PBRPC+ 10 1 Absolute Address) s 2 11 0 1 PBRPC+ AAL 1
(8 Op Codes) 3. 101 1 0 0Db+DO AAL 1 (PEA) 3. 1 1 0 1 PBRPC+2 AAH 1
(2 bytes) a. 11 1.0 0D+DO" AAH 1 (1 0p Code) a. 1t 1 1 0 08 AAH [
(5,6 and 7 cycles) 5. 1 1 1 0 DBRAA Datalow  1/0 (3 bytes) 5. 1.1 1 0 081 AAL 0

(1) 5a 1 1 1 0 DBRAA# Datalow - 1/0 (5 cycles)

#*19. Direct Indirect Long [d] 1 11 1 1 PBRPC Op Code 1 *21j. Stack (Push Effective* 1 11 1 1 PBRPC Op Code 1
(ORA,AND,EOR,ADC 2. 1 1 0 1 PBRPC+H DO 1 Program Counter Relative 2 1.1 0 1 PBRPC+ Offset Low 1
STA,LDA.CMP,SBC) @ 2a 1 1 0 0 PBRPCH 10 1 Address) s 3. 11 0 1 PBRPC#2 Offset High 1
(8 Op Codes) 3. 11 1 0 0D+DO AAL 1 (PER) 4. 1 1 0 0 PBRPC+2 10 1
{2 bytes) 4. 1 1 1 -0 0D+DO+ AAH 1 (1 Op Code) 5. 11 1 0 0S8 PCH+OFF+ 0
(6.7 and 8 cycles) 5. 1 1 1 0 0D+DO+2 AAB 1 (3 bytes) CARRY

6 11 1 0 AABAA Datalow  1/0 (6 cycles) 6. 11 1 0 081 PCL+OFFSET 0
(M 6 1 1 1" 0 AABAAH DataHigh  1/0 *22. Stack Relative d,s 1 11 1 1 PBRPC Op Code 1

20a. Absolute Indexed Indirect (a,x) 1. 11 1 1 PBRPC Op Code 1 (ORA,AND,EOR,ADL, 2. 1 1 0 1 PBRPC# SO 1
(IMP) 2. 1 1 0 1 PBRPC+ AAL 1 STA,LDA,CMP.SDC) 3 1 1 0 0 PBRPCH 10 1
(1 0p Code) 3. 1 1 0 1 PBRPC+2 AAH 1 (8 Op Codes) 4. 11 1 0 08+S0 Datalow 10
(3 bytes) 4. 11 0 0 PBRPC+2 10 1 (2 bytes) (1) 4a 1 1 1 0 0S5+80+ DataHigh /0
(6 cycles) 5. 1 1 0 1 PBRAA+X NEW PCL 1 (4 and 5 cycles)

S o1 ;gg":“:é'gc ggvé :di” ! *23. Stack Relative Indirect .21 1 1 1 PBRPC Op Code 1

: . Indexed (d,s),y 2. 11 0 1 PBRPCH SO 1

#20b. Absolute Indexed Indirect 1. 11 1 1 PBRPC Op Code 1 (ORA,AND.EOR,ADC, 3 4 1 0 0 PBRPCH 0 1

(Jump to Subroutine indexed 2. 1 1.0 1 PBRPCH AAL 1 STALDA.CMP.SDC) a 1 1 1 0 0880 AAL 1

Indirect) (a,x) 3 11 1 0 08 PCH [ (8 Op Codes) 5 11 1 0 0SSO AAH i

(JSR) 4. 11 1 0 081 PCL o (2 bytes) 6. 1 1 0 0 05+50+1 10 1
{1 0p Code) 5. 11 0 1 PBRPC+2 AAH 1 (7 and 8 Cycles) 7. 1 1 1 0 DBRAA+Y Datalow  1/0
(3 bytes) 6. 1.1 0 0 PBRPC+2 10 1 () 7a. 1 1 1 0 DBRAA+Y+1 DataHigh 1/0

(8 oyctes) L R Newpen 1 *24a. Block Move Positive [ 1 1 1 1 PBRPC OpCode 1

) Y (forward) xyc 2. 1 1 0 1 PBRPC+ DBA 1

1. 1 1 1 1 PBRNEWPC NextOpCode 1 fvibas ¥ 11 0 1 rompoe2 SoA N

21a. Stack (Hardware 1. 11 1 1 PBRPC 10 1 (1 Op Code) N-2 | 4. 1 1 1 0 SBAX Source Data 1
Interrupts) s @) 2 11 0 0 PBRPC 10 1 (3 bytes) Byte | 5. 11 1 0 DBAY Dest.Data 0
(IRQ,NMI,ABORT,RES) 3. 11 1 008 PBR [ (7 cycles) c=2 | 6. 1 1 0 0 DBAY 0 p
(4 hardware interrupts) 4. 101 1 0 0851 PCH 0 x = Source Address L7. 11 0 0 DBAY 10 1
(0 bytes) s. i1 1 0 082 PCL 0 y = Destination M. 1 1 1 1 PBRPC Op Code 1
(7:and 8 cycies) 6. 11 1 0 083 P ° ¢ =Number of Bytes to Move -1 | 2. 11 0 1 PBRPC+ DBA 1

7.0 1 1 0 0VA AAVL 1 xy Decrement 3. 1 1 0 1 PBRPC+2 SBA 1
8. 0 1 1.0 ovAn AAVH 1 MVP is used when the N-1 |4 11 1 0 SBAX-1 Source Data 1
1 o111 0AAY Next Op Code 1 destination startaddress Byt | 5. 11 1 0 DBAY-1 Dest.Data 0

21b. Stack (Software 1. 1 1 1 1 PBRPC Op Code 1 is higher (more positive) ~ C=1 { 6. 1 1 0 0 DBAY-1 10 1
Interrupts) s @ 2 1.1 0 1 PBRPC+ Signature 1 than the source start address. L7 11 0 0 DBAY-1 10 1
(BRK,COP) (7 3 11 1.0 08 PBR 0 M. 1 1 1 1 PBRPC Op Code 1
(2 Op Codes) 41 1 1.0 081 PCH 0 FFFFFF 2 11 0 1 PBRPCH DBA 1
(2 bytes) 5 1 1 170 052 CL ¢ Dest. Start NByte [. 1 1 0 1 PBRPC+2 SBA 1
(7 and 8 cycles) 6. 1 1 1 0 0S-3 (COPLatches) P 0 Last | 4. 11 1 0 SBAX-2 Source Data 1

7.0 1 1 0 0VA AAVL 1 ource Start c=0 |s. 11 1 0 DBAY-2 Dest.Data 0
8. 0 1 1 0 OVAH AAVH ! L Dest. End 6. 11 0 0 DBAY-2 10 1
Lot 11 1 0AAY NextOp Code 1 Source End 7 1 1 0 0 DBAY-2 10 1

21c. Stack (Return from 1. 11 1 1 PBRPC Op Code 1 000000 L. 1 1 1 1 PBRPC+3 NextOp Code 1
Interrupt) s 2. 1 1 0 0 PBRPCH 10 1
(AT @ 3 11 070 PBRPGA o ! #24b. Block Move Negative M. 11 1 1 PBRPC Op Code 1
(1 Op Code) A o P ! backward) xyc 2 11 0 1 PBRPCH DBA 1
(1 byte) 5. 11 1 0 082 PCL 1 ":\fN"‘“ ) xy N |2 o 1 fanpoe oA 3
(6and 7 cycles) 6 1 1 1 0 053 PCH 1 (MVN) 298 11 )

: (1 Op Code) Byte | 4. 11 1 0 SBAX Source Data 1

(ditferent order from N6502) (7) 7. 11 1 0 08+ PBR 1 3 & N Dat o
1. 11 1 1 PBRPC New Op Code 1 (3 bytes) C=2 5. 11 1 0 DBAY Dest. Data

(7 cycles) . 6. 11 0 0 DBAY 10 1

21d. Stack (Return from 1. 1 1 1 1 PBRPC Op Code 1 x = Source Address L7 1 1 0 0 DBAY 10 1
Subroutine) s 2 1 1 0 0 PBRPC+ 10 1 y = Destination - .

(RTS) 3. 11 0 0 PBRPC+ 10 1 ¢ = Number of Bytes to Move -1 | - 11 1 1 PBRPC Op Code 1
(1 0p Code) 4. 11 1 0 oS+ PCL 1 xy Increment 2. 1 1 0 1 PBRPCH DBA 1
(1 byte) 5. 11 1 0 082 PCH 1 FFFRFF N-1 |3 11 0 1 PBRPCs2 SBA 1
(6 cycles) 6. 11 0 0 08+2 (e 1 Source End Byte | 4. 11 1 0 SBAX+ Source Data 1
1 11 1 1 PBRPC Op Code 1 c=1|5. 11 1 0 DBAYH Dest.Data 0

*216. Stack (Return from 1 1 1 1 PBRPC OpCode 1 Dest.End & 11 0 0 DAY 10 )
Subroutine Long) s 2 11 0 0 PBRPC+ 10 1 Source Start L7 1100 J 10 1
(RTL) 3. 1 1 0 0 PBRPCH 10 B Dest, Start M. 11 1 1 PBRPC Op Code 1
(1 Op Code) a. 11 1 0 08+ NEWPCL 1 2. 11 0 1 PBRPC+ DBA 1
(1 byte) 5. 11 1 0 08+2 NEWPCH 1 000000 NByte | 3. 1 1 0 1 PBRPC+2 SBA 1
(6 cycles) 6. 11 1 0 0S+3 NEW PBR 1 C=0 | 4. 1 1 1 0 SBAX+#2 Source Data 1
1. 1 1 1 1 NEWPBRPC NextOpCode 1 MVN is used when the 5. 11 1 0 DBAYs2 Dest.Data 0

destination startaddress 6. 1 1 0 0 DBAY+2 [e] 1

is lower (more negative) 7. 1.1 0 0 DBAY:2 10 1

than the source start [ 11 1 1 PBR,PC+3 NextOp Code 1

address.
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TABLE 5. NOTES

Notes:

1. Bitimmediate N and V flags not affected. When M =0, M15 — N and M14 —V.
2. Break Bit (B) in Status register indicates hardware or software break.

3. % =New 65C816/802 Instructions
® = New 65CO02 Instructions

Blank = NMOS 6502

+ Add
- Subtract
A AND

OR
¥ Exclusive OR

TABLE 6. NOTES

Notes:

(1) Add 1 byte (for immediate only) for M=0 or X=0 (i.e. 16 bit data). add 1 cvcle for M=0 or X=0

(2) Add 1 cycle for direct register low (DL) not equal 0

(3) Special case for aborting instruction. This is the last cycle which may be aborted or the Status,

PBR or DBR registers will be updated.

(4) Add 1 cycle for indexing across page boundaries, or write, or X=0. When X=1 or in the

emulation mode, this cycle contains invalid addresses.

(5) Add 1 cycle if branch is taken.

(6) Add 1 cycle if branch is taken across page boundaries in 6502 emulation mode (E=1)

(7) Subtract 1 cycle for 6502 emulation mode (E<1)
(8) Add 1 cycle for REP.SEP.

(9) Wait at cycle 2 for 2 cycles after NM or IRQ active input

AAR Ahsalute addr:
AAH Absolute Ad s Higl
AAL Absolute Address Low
AAVH Absolute Address Vector High
AAVL Absolute Address Vector Low

Abbreviations

C Accumulator
D Direct Register

DBA Destination Bank Address
DBR Data Bank Register
DO Direct Offset
IDH Immediate Data High
IDL Immediate Data Low

10 Internal Operation
P Status Register

PBR Program Bank Register
PC Program Counter
R-M-W Read-Modify-Write

S Stack Address

SBA Source Bank Address
SO Stack Offset
VA Vector Address
x,y Index Registers
* = New 355C816/802 Addressing Modes
® = New 65C02 Addressing Modes
Blank = NMOS 6502 Addressing Modes

RECOMMENDED
ASSEMBLER SYNTAX
STANDARDS

DIRECTIVES

Assembler directives are those parts of
the assembly language source program
that give directions to the assembler;
this includes the definition of data area
and constants within a program. This
standard excludes any definitions of
assembler directives.

COMMENTS

An assembler should provide a way to
use any line of the source program as a
comment. The recommended way of
doing this is to treat any blank line, or
any line that starts with a semi-colon or
an asterisk, as a comment. Other
special characters may be used as well.

THE SOURCE LINE

Any line that causes the generation of a
single VL65C816 or VL65C802 machine
language instruction should be divided
into four fields: a label field, the
operation code, the operand, and the
comment field.

The Label Field - The label field begins in
column one of the line. A label must
start with an alphabetic character, and
may be followed by zero or more
alphanumeric characters. An assembler
may define an upper limit on the number
of characters that can be in a label, as

long as that upper limit is greater than or
equal to six characters. An assembler
may limit the alphabetic characters to
upper-case characters if desired. If
lower-case characters are allowed, they
should be treated as identical to their
upper-case equivalents. Other
characters may be allowed in the label,
as long as their use does not conflict
with the coding of operand fields.

The Operation Code Field - The
operation code consists of athree-
character sequence (mnemonic) from
table 2. It starts no sooner than column
two of the line, or one space after the
label if a label is coded.

Many of the operation codes in table 2
have duplicate mnemonics; when two or
more machine language instructions
have the same mnemonic, the
assembler resolves the difference
based on the operand.

If an assembler allows lower-case
letters in labels, it must also allow lower
case letters in mnemonics. When lower-
case letters are used in the mnemonic,
they are treated as equivalent to the
upper-case counterpart. Thus, the
mnemonics LDA, Ida, and LdA must all
be recognized, and are equivalent.

In addition to the mnemonics shown in
table 2, an assembler may provide the
alternative mnemonics shown intable 7.

SJL should be recognized as equivalent
to JSRwhen it is specified with a long
absolute address. JML is equivalent to
JMP with long addressing force.

The Operand Field - The operand field
may start no sooner than one space
after the operation code field. The
assembler must be capable of at least
24-bit address calculations. The
assembler should be capable of
specifying addresses as labels, integer
constants, and hexadecimal constants.
The assembler must allow addition and
subtraction in the operand field. Labels
are recognized by the fact that they
start with alphabetic characters.
Decimal numbers are recognized as
containing only the decimal digits O
through 9. Hexadecimal constants shall
be recognized by prefixing the constant
with a dollar sign ($) character, followed
by zero or more of either the decimal
digits or the hexadecimal digits A
through F. If lower case letters are
allowed in the label field, then they are
also allowed as hexadecimal digits.
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All constants, no matter what their
format, provide at least enough
precision to specify all values that can
be represented by a 24-bit signed or
unsigned integer represented in two's
complement notation.

Table 9 shows the operand formats
that are recognized by the assembler.
The symbol d is a label or value that the
assembler can recognize as being less
than #100. The symbol a is a label or
value which the assembler can
recognize as greater than $FF but less
than $10000; the symbol al is a label or
value that the assembler can recognize
as being greater than $FFFF. The
symbol EXT is a label that cannot be
located by the assembler at the time the
instruction is assembled. Unless
instructed otherwise, an assembler
assumes that EXT labels are two bytes
long. The symbols r and rl are 8- and 16-
bit signed displacements calculated by
the assembler.

Note that the operand does not
determine whether or not immediate
addressing loads one or two bytes; this
is determined by the setting of the
status register. This forces the
requirement for a directive or directives
that tell the assembler to generate one
or two bytes of space for immediate
loads. The directives provided must
allow separate settings for the
accumulator and index registers.

The assembler shall use the <, >, and *

characters after the # character in an
immediate address to specify which
byte or bytes are to be selected from the
value of the operand. Any calculations
in the operand must be performed before
the byte selection takes place. Table 8
defines the action taken by each
operand by showing the effect of the
operator on an address. The column
that shows a two-byte immediate value
shows the bytes in the order in which
they appear in memory. The coding of
the operand is for an asembler that uses
32 bit address calculations, showing the
way that the address should be reduced
to a 24 bit value.

In any location in an operand in which an
address, or expression resulting in an
address, can be coded, the assembler
recognizes the prefix characters <, |,
and >, which force one-byte (direct
page), two-byte (absolute) or three-byte
(long absolute) addressing. In cases

in which the addressing mode is not
forced, the assembler shall assume that
the address is two bytes unless the
assembler is able to determine the type
of addressing required by context, in
which case that addressing mode is
used. Addresses are truncated without
error if an addressing mode is forced
that does not require the entire value of
the address. For example:

LDA $0203
LDA $010203

are completely equivalent. If the

addressing mode is not forced, and the
type of addressing cannot be
determined from context, the assembler
assumes that a two-byte address is to
be used. If an instruction does not have
a short addressing mode (as in LDA,
which has no direct page indexed by Y)
and a short address is used in the
operand, the assembler automatically
extends the address by padding the
most significant bytes with zeroes in
order to extend the address to the
length needed. As with immediate
addressing, any expression evaluation
takes place before the address is
selected; thus, the address selection
character is only used once, before the
address of expression.

The exclamation point (!) character
should be supported as an alternative to
the vertical bar (|).

Along indirect address is indicated in
the operand field of an instruction by
surrounding the direct page address
where the indirect address is found by
square brackets; direct page addresses
that contains 16-bit addresses are
indicated by being surrounded by
parentheses.

The operands of a block move
instruction are specified as source
bank, destination band (the opposite
order of the object bytes generated).

Comment Field -The comment field may
start no sooner than one space after the
operation code field or operand code
field or operand field, depending on
instruction type.

TABLE 7. ALTERNATIVE

MNEMONICS

Standard Alias
BCC BLT
BCS BGE
CMP A CMA
DECA DEA
INC A INA
JSL JSR
JML JMP
TCD TAD
TCS TAS
TDC TDA
TSC TSA
XBA SWA

TABLE 8. BYTE SELECTION OPERATOR

Operand One Byte Resuit
#$01020304 04
#<$01020304 04
#>$01020304 03
#1$01020304 02

Two Byte Resuit

04 03
04 03
03 02
02 01
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TABLE 9. ADDRESS MODE FORMATS

Addressing Mode Format Addressing Mode Format
Immediate #d Absolute Indexed by Y  !dy
#a dy
#al ay
#EXT lay
#<d laly
#<a IEXTy
#<al EXTy
#<EXT Absolute Long Indexed  >d x
#>d by X >a,x
#>a >al,x
#>al al,x
#>EXT >EXT,x
#Ad Program Counter d
#Aa Relative and a
#Aal Program Counter al
H#AEXT Relative Long EXT
Absolute 'd Absolute Indirect (d)
la (d)
a (a)
lal (la)
IEXT (tal)
EXT (EXT)
Absolute Long >d Direct Indirect (d)
>a (<a)
>al (<al)
al (<EXT)
>EXT Direct Indirect Long [d]
Direct Page d [<a]
<d [<al]
<a [<EXT]
<al Absolute Indexed (d,x)
<EXT ('d,x)
Accumulator A (a,x)
Implied Addressing (no operand) ('a,x)
Direct Indirect (d)y (lal,x)
Indexed (<d),y (EXT,x)
(<a)y ('EXT,x)
(<al)y Stack Addressing (no operand)
(<EXT),y Stack Relative (d,s).y
Direct Indirect [d]y Indirect Indexed (<d,s),y
Indexed Long [<dly (<as)y
[<aly (<al,s),y
[<all,y (<EXT,s),y
[KEXT]y Block Move dd
Direct Indexed (d,x) da
Indirect (<d,x) d,al
(<a,x) d,EXT
(<al,x) a,d
(<EXT,x) a,a
Direct Indexed by X d,x a,al
<d,x a,EXT
<a,x al,d
<al,x ala
<EXT,x al,al
Direct Indexed by Y dy al,EXT
<dy EXT.d
<a,y EXT,a
<aly EXT,al
<EXTy EXTEXT
Absolute Indexed by X  d,x
Id,x
a,x
la,x
tal,x
1EXT,x
EXT.x

Note: The alternate ! (exclamation point) is used in place of the| (vertical bar).

(the assembler calculates
randrl)
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TABLE 10. ADDRESSING MODE SUMMARY

Memory Utilization
Instruction Times In Number of Program
in Memory Cycles Seq Bytes
Original New Original New
Address Mode 8 Bit NMOS 65C816 8 BitNMOS 65C816
6502 6502
1. Immediate 2 21) 2 23
2. Absolute 4(5) 435) 3 3
3. Absolute Long — 5() — 4
4. Direct 36 3(345) 2 2
5. Accumulator 2 2 1 1
6. Implied 2 2 1 1
7. Direct Indirect Indexed (d),y 5(1) 5(1.34) 2 2
8. Direct Indirect Indexed Long [d], y — 6(34) — 2
9. Direct Indexed Indirect (d,x) 6 6(3.4) 2 2
10. Direct, X 4(5) 4(34.5) 2 2
11. Direct, Y 4 4(34) 2 2
12. Absolute, X 4(1.5) 4(1.3,5) 3 3
13. Absolute Long, X — 5(3) _ 4
14. Absolute, Y 4(1) 4013) 3 3
15. Relative 2(1.2) 22 2 2
16. Relative Long — 32 — 3
17. Absolute Indirect (Jump) 5 5 3 3
18. Direct Indirect — 5(34) - 2
19. Direct Indirect Long - 6(3.4) — 2
20. Absolute Indexed Indirect (Jump) — 6 — 3
21. Stack 3-7 3-8 1-3 1-4
22. Stack Relative — 40 — 2
23. Stack Relative Indirect Indexed — 7@ — 2
24. Block Move X, Y, C (Source, Destination, Block Length) — 7 — 3
NOTES:
1. Page boundary, add 1 cycle if page boundary is crossed when forming address.
2. Branch taken, add 1 cycle if branch is taken.
3. M=0or X=0, 16 bit operation, add 1 cycle, add 1 byte for immediate.
4. Direct register low (DL) not equal zero, add 1 cycle.
5. Read-Modify-Write, add 2 cycles for M = 1, add 3 cycles for M= 0.
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ADDRESSING PREFACE

The VL65C816 is capable of directly
addressing 16M Bytes of memory. This
address space has special significance
within certain addressing modes.

RESET AND INTERRUPT

VECTORS

The Reset and Interrupt vectors use the
majority of the fixed addresses between
00FFEO and OOFFFF.

STACK

The stack may use memory from 000000
to 00OFFFF. The effective address of
Stack and Stack Relative addressing
modes is always within this range.
DIRECT

The Direct addressing modes are
usually used to store memory registers
and pointers. The effective address
generated by Direct, Direct,X and

Direct,Y addressing modes is always in
Bank 0 (000000-00FFFF).

PROGRAM ADDRESS SPACE

The Program Bank Register is not
affected by the Relative, Relative Long,
Absolute, Absolute Indirect, and
Absolute Indexed Indirect addressing
modes or by incrementing the Program
Counter from FFFF. The only
instructions that affect the Program
Bank Register are: RTI, RTL, JML, JSL,
and JMP Absolute Long. Program code
may exceed 64K bytes, although code
segments may not span bank
boundaries.

DATA ADDRESS SPACE

The data address space is contiguous
throughout the 16M Byte address
space. Words, arrays, records, or any
data structures may span 64K Byte
bank boundaries with no compromise in
code efficiency. The following

addressing modes generate 24-bit
effective addresses:

« Direct Indexed Indirect (d,x)

« Direct Indirect Indexed (d), y

« Direct Indirect (d)

« Direct Indirect Long [d]

« Direct Indirect Long Indexed [d], y
« Absolute a

« Absolute a, x

» Absolute a,y

« Absolute Long al

» Absolute Long Indexed al, x

« Stack Relative Indirect Indexed (d), y

The following addressing modes are
available for use in the VL65C802 and
VL65C816 microprocessors. The "long”
addressing modes may be used with the
VL65C802; however, the high byte of
the address is not available to the
hardware. Detailed descriptions of the
24 addressing modes are given in the
following section.

ADDRESSING MODES

1. Immediate Addressing—#

6. Implied—i

The operand is the second byte (second and third bytes when in the
16-bit mode) of the instruction.

. Absolute—a

With Absolute addressing the second and third bytes of the instruc-
tion form the low-order 16 bits of the effective address. The Data
Bank Register contains the high-order 8 bits of the operand address.

Instruction: I opcode ] addrl ] addrh |

Operand ! ! |

Address: DBR addrh addrl I
3. Absolute Long—al

The second, third, and fourth byte of the instruction form the 24-bit
effective address.

Instruction: | opcode [ addrl I addrh [ baddr
Operand l | | |
Address: baddr addrh addrl

4. Direct—d

The second byte of the instruction is added to the Direct Register
(D) to form the effective address. An additional cycle is required
when the Direct Register is not page aligned (DL not equal 0). The
Bank register is always 0.

Instruction: opcode | offset I
| Direct Register |
+ | offset |
Operand ( | |
Address: 00 effective address

. Accumulator—A

This form of addressing always uses a single byte instruction. The
operand is the Accumulator.

Implied addressing uses a single byte instruction. The operand is
implicitly defined by the instruction.

. Direct Indirect Indexed—(d),y

This address mode is often referred to as Indirect,Y. The second
byte of the instruction is added to the Direct Register (D). The 16-bit
contents of this memory location is then combined with the Data
Bank register to form a 24-bit base address. The Y Index Register is
added to the base address to form the effective address.

Instruction: | opcode [ offset |
I Direct Register [
+ | offset |
| 00 | direct address ]
then:
l 00 | (direct address) ‘
+] oBR |
| base address |
+ | | YReg |
Operand | |
Address: effective address

. Direct Indirect Long Indexed—[d],y

With this addressing mode, the 24-bit base address is pointed to by
the sum of the second byte of the instruction and the Direct
Register. The effective address is this 24-bit base address plus the Y
Index Register.
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ADDRESSING MODES (Cont)

Instruction: [ opcode | offset |

I Direct Register I

+ l offset ]
! 00 | direct address I
then:
| (direct address) |
+ | { YReg |
Operand | . I
Address: effective address

9. Direct Indexed Indirect—(d,x)
This address mode is often referred to as Indirect,X. The second
byte of the instruction is added to the sum of the Direct Register
and the X Index Register. The result points to the low-order 16 bits
of the effective address. The Data Bank Register contains the high-
order 8 bits of the effective address.

Instruction: ropcode | offset |

| Direct Register |

“ + | offset |

| direct address

l

13
+| | XReg |
|

’ 00 | address
then:
] 00 | (address) l
+| oer |
Operand I
Address: effective address

10. Direct Indexed With X—d,x
Thesecond byte of the instruction is added to the sum of the Direct
Register and the X Index Register to form the 16-bit effective
address. The operand is always in Bank 0.

Instruction: [ opcode | offset |

| Direct Register

+ | offset

l direct address

+| ! XReg

Operand ‘
Address:

11. Direct Indexed With Y—d,y

00 | effective address [

Instruction: opcode ] offset l

' Direct Register

+ I offset

[ direct address

+ ! YReg

Operand I

Address: 00 I effective address

12. Absolute Indexed With X—a,x

The second and third bytes of the instruction are added to the
X Index Register to form the low-order 16 bits of the effective ad-
dress. The Data Bank Register contains the high-order 8 bits of the
effective address.

Instruction: [ opcode | addrl [ addrh |

| ©oBR | addrh | addn |

+ | ! XReg |

Operand ' I
Address: effective address

13. Absolute Long Indexed With X—al,x

The second, third and fourth bytes of the instruction form a 24-bit
base address. The effective address is the sum of this 24-bit address
and the X Index Register. ’

Instruction: [ opcode | addrl [ addrh | baddr
| baddr | addrn | adan |
+| | XReg |
Operand l |
Address: effective address

| 14. Absolute Indexed With Y—a,y

The second and third bytes of the instruction are added to the
Y Index Register to form the low-order 16 bits of the effective ad-
dress. The Data Bank Register contains the high-order 8 bits of the
effective address.

Instruction: | opcode [ addrl | addrh |

| DBR | addrh | addrl |

+] | YReg |

Operand ' [
Address: effective address

15. Program Counter Relative—r

This address mode, referred to as Relative Addressing, is used only
with the Branch instructions. If the condition being tested is met,
the second byte of the instruction is added to the Program Counter,
which has been updated to point to the opcode of the next instruc-
tion. The offset is a signed 8-bit quantity in the range from -128 to
127. The Program Bank Register is not affected.

The second byte of the instruction is added to the sum of the Direct 16 Program Counter Relative Long—rl

Register and the Y Index Register to form the 16-bit effective
address. The operand is always in Bank 0.

This address mode, referred to as Relative Long Addressing, is used
only with the Unconditional Branch Long instruction (BRL) and the
Push Effective Relative instruction (PER). The second and third
bytes of the instruction are added to the Program Counter, which
has been updated to point to the opcode of the next instruction. With
the branch instruction, the Program Counter is loaded with the
result. With the Push Effective Relative instruction, the result is
stored on the stack. The offsetis asigned 16-bit quantity in the range
from -32768 to 32767. The Program Bank Register is not affected.
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17. Absolute Indirect—(a) 21. Stack—s

The second and third bytes of the instruction form an address to a
pointer in Bank 0. The Program Counter is loaded with the firstand
second bytes at this pointer. With the Jump Long (JML) instruction,
the Program Bank Register is loaded with the third byte of the
pointer.

Stack addressing refers to all instructions that push or pull data
from the stack, such as Push, Pull, Jump to Subroutine, Return from
Subroutine, Interrupts, and Return from Interrupt. The bank ad-
dress is always 0. interrupt Vectors are always fetched from Bank 0.

direct address I

22. Stack Relative—d,s
Instruction: [ opcode | addrl [ addrh | The low-order 16 bits of the effective address is formed from the
sum of the second byte of the instruction and the Stack Pointer. The
Indirect Address = ' 00 I, addrh ! adan I high-order 8 bits of tne effective aadress is always zero. The relative
New PC = (indirect address) offset is an unsigned 8-bit quantity in the range of 0 to 255.
with JML: Instruction: [ opcode | offset |
New PC = (indirect address)
New PBR = (indirect address +2) | Stack Pointer I
18. Direct Indirect—(d) + | offset |
The second byte of the instruction is added to the Direct Register to op d
form a pointer to the low-order 16 bits of the effective address. The Address: I 00 | effective address ]
Data Bank Register contains the high-order 8 bits of the effective
address. 23. Stack Relative Indirect Indexed—(d,s),y
. The second byte of the instruction is added to the Stack Pointer to
Instruction: | opcode I offset | form a pointer to the low-order 16-bit base address in Bank 0. The
I " . I Data Bank Register contains the high-order 8 bits of the base ad-
Direct Register dress. The effective address is the sum of the 24-bit base address
l I and the Y Index Register.
+ offset
Instruction: [ opcode | offset |
I 00 | direct address l .
then: [ Stack Pointer I
| o | (direct address) | + | offset |
+ DBR
I I | 00 | S + offset |
Operand .
Address: ' effective address I then: l S + offset |
offse
19. Direct Indirect Long—[d] . l DBR ]
The second byte of the instruction is added to the Direct Register to
form a pointer to the 24-bit effective address. l b dd l
ase address
Instruction: [ opcode | offset | |
+ | ! " YReg [
| Direct Register l Operand
| I Address: ! effective address ]
+ offset
24. Block Source Bank, Destination Bank—xyc

This addressing mode is used by the Block Move instructions. The
then: second byte of the instruction contains the high-order 8 bits of the
Operand destination address. The Y index Register contains the low-order 16
Address: l (direct address) ] bits of the destination address. The third byte of the instruction

20. Absolute Indexed Indirect—(a,x)

The second and third bytes of the instruction are added to the
X Index Register to form a 16-bit pointer in Bank 0. The contents of
this pointer are loaded in the Program Counter. The Program Bank

contains the high-order 8 bits of the source address. The X Index
Register contains the low-order 16 bits of the source address. The
C Accumulator contains one less than the number of bytes to move.
The second byte of the block move instructions is also loaded into
the Data Bank Register.

Register is not changed. Instruction: [ opcode | dstbnk | srconk |
Instruction: | opcode | addrl | addrh | dstbonk — DBR
Source
[ addrh l addrl | Address: l scrbnk | X Reg |
' Destination
| i XReg ] Address: | DBR | Y Reg |
Y.
l PBR l address | Increment (MVN) or decrement (MVP) X and

then:
PC = (address)

Decrement C (if greater than zero), then PC+3 — PC.
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TABLE 11. VL65C802 TIMING CHARACTERISTICS TA = 0°C to 70°C, VDD = 5.0 V + 5%

2 MHz 4 MHz 6 MHz 8 MHz

Parameter Symbol Min Max Min Max Min Max Min Max | Unit
Cycle Time tcve 500 DC 250 | DC 167 DC 125 DC nS
Clock Pulse Width Low tPwL 0.240 10 0.120 10 0.080 10 | .0.060 10 us
Clock Pulse Width High tPWH 240 £ 120 o 80 oo 60 L) nS
Fall Time, Rise Time tF, tR — 10 - 10 — 5 — 5 nS
Delay Time, ¢2 (IN) to ¢1 (OUT) tog1 — 20 — 20 — 20 — 20 nS
Delay Time, ¢2 (IN) to ¢2 (OUT) top2 — 40 — 40 — 40 — 40 nS
Address Hold Time tAH 10 —_ 10 — 10 — 10 —_ nS
Address Setup Time taDs - 100 — 75 — 60 —_ 40 nS
Access Time tacc 365 —_ 130 - 87 — 70 — nS
Read Data Hold Time toHR 10 — 10 - 10 - 10 — nS
Read Data Setup Time tosr 40 —_ 30 — 20 - 15 — nS
Write Data Delay Time tMDS — 100 — 70 — 60 — 40 nS
Write Data Hold Time toHwW 10 — 10 — 10 — 10 — nS
Processor Control Setup Time tecs 40 —_ 30 —_ 20 —_ 15 —_ nS
Processor Control Hold Time tPcH 10 — 10 — 10 — 10 — nS
Capacitive Load (Address, Data, and R/W) Cext — 100 — 100 — 35 — 35 pF
FIGURE 3. VL65C802 TIMING DIAGRAM

teve tF
¢2(IN) -
k SL______
tF tewi tPwH
———Dw |t—— tR
¢1(0UT) ———’—-1{‘ toe1 \

—
$2(0UT) __'—_ZIT tog2

‘—“"|AN——’|

AN

R/W, SYNC,
A0-A15
[~ tADS tacc |t—— tDSR
READ DATA > READ DATA
tOHR —_.__i-— —— '-4— tmos
WRITE DATA N T
s -\ WRITE DATA
{DHW ] ld——— ——| lest— tPCS
so 1‘ / tPCH — oe—
IRQ, NM|, RES,
RDY
— t— tecH —>I |[-—— tpCS
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TABLE 12. VL65C816 TIMING CHARACTERISTICS TA =0°C to 70°C, VDD = 5.0 V + 5%

2 MHz 4 MHz 6 MHz 8 MHz
Parameter Symbol Min Max Min Max Min Max Min Max | Unit
Cycle Time tcve 500 DC 250 DC 167 DC 125 DC nS
Clock Pulse Width Low tPwL 0.240 10 0.120 10 0.080 10 0.060 10 uS
Clock Pulse Width High tPWH 240 o 120 o 80 o0 60 o0 nS
Fall Time, Rise Time tF, tR - 10 — 10 - 5 —_ 5 nS
AC AlS Hold Time tAH 10 — 10 — 10 - 10 — nSV
A0-A15 Setup Time taps — 100 — 75 - 60 - 40 nS
BA0-BA7 Hold Time tBH 10 — 10 — 10 — 10 - nS
BAO-BA7 Setup Time tBAS — 100 — 90 — 65 — 45 nS
Access Time tacc 365 — 130 - 87 — 70 - nS
Read Data Hold Time tDHR 10 — 10 — 10 — 10 — nsS
Read Data Setup Time tosr 40 — 30 — 20 — 15 — nS
Write Data Delay Time tMDs - 100 — 70 - 60 — 40 nS
Write Data Hold Time tDHW 10 - 10 - 10 - 10 - nS
Processor Control Setup Time trcs 40 — 30 — 20 — 15 — nS
Processor Control Hold Time tPCH 10 — 10 — 10 — 10 — nS
E,MX Output Hold Time teH 10 —_ 10 — 5 - 5 —_ nS
E,MX Output Setup Time tes 50 — 50 — 25 — 15 — nS
Capacitive Load (Address, Data, and R/W) CExT — 100 — 100 — 35 — 35 pF
BE to High Impedance State tBHZ — 30 - 30 — 30 - 30 nS
BE to Valid Data tevD — 30 — 30 — 30 — 30 nS
FIGURE 4. VL65C816 TIMING DIAGRAM
tcye tF
R g N
I
tF —— tpwL - tPwH -—l
taH —-—I — | R |
R/W, ML, VP m
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wx M X | XXk
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USER INFORMATION

STACK ADDRESSING

When in the Native mode, the Stack
Register may use memory locations
000000 to OOFFFF. The effective
address of Stack, Stack Relative and
Stack Relative Indirect Indexed
addressing modes is always within this
range. Inthe Emulation mode, the
Stack address range is 000100 to
0001FF. The following opcodes and
addressing modes increment or
decrement beyond this range when
accessing two or three bytes:

JSL; JSR(a,x); PEA; PEI; PER;
PHD; PLD; RTL; d,s; (d,s).y

DIRECT ADDRESSING

The Direct Addressing modes are often
used to access memory registers and
pointers. The effective address
generated by Direct; Direct,X and
Direct,Y addressing modes are always
in the Native mode range 000000 to
OOFFFF. When in the Emulation mode,
the Direct addressing range is 000000 to
0000FF, except for [Direct] and
[Direct],Y addressing modes and the
PEl instruction, which increment from
0000FE or 0000FF into Stack area.

When in the Emulation mode and DH is
not equal to zero, the Direct addressing
range is 00DHOO to 00DHFF, except for
[Direct] and [Direct],Y addressing
modes and the PEl instruction which
increment from OODHFE or 00DHFF into
the next higher page.

When in the Emulation mode and DL is
not equal to zero, the direct addressing
range is 000000 to OOFFFF.

ABSOLUTE INDEXED
ADDRESSING (VL65C816 ONLY)

The Absolute Indexed addressing
modes are used to address data outside
the Direct addressing range. The
VL65C02 and VL65C802 addressing
range is 0000 to FFFF. Indexing from
page FFXX may result in a 00YY data
fetch when using the VL65C02 or
VL65C802. In contrast, indexing from
page ZZFFXX may resultin ZZ+1,00YY
when using the VL65C816.

ABORT INPUT (VL65C816 ONLY)
ABORT should be held low for a period
not o exceed one cycle. Also, if
ABORT is held low during the Abort
Interrupt sequence, the Abort Interrupt
will be aborted. Itis not recommended
to abort the Abort Interrupt. The ABORT
internal latch is cleared during the
second cycle of the Abort Interrupt.
Asserting the ABORT input after the
following instruction cycles causes
registers to be modified:

*  Read-Modify-Write: Processor
Status Register modified if ABORT is
asserted after a modify cycle.

*  RTIL: Processor Status Register
modified if ABORT is asserted after
cycle3.
» 1RQ, NMI, ABORT BRK, COP:
When ABORT is asserted after cycle 2,
PBR and DBR become 00 (Emulation
mode) or PBRbecomes 00 (Native
mode).

The Abort Interrupt has been designed
for virtual memory systems. For this
reason, asynchronous ABORTs may
cause undesirable results due to the
above conditions.

VDA AND VPA (VL65C816 ONLY)

When VDA or VPA are high and during all
write cycles, the Address Bus is always
valid. VDA and VPA should be used to
qualify all memory cycles. Note that
when VDA and VPA are both low, invalid
addresses may be generated. The Page
and Bank addresses could also be
invalid. This will be due to low-byte
addition only. The cycle when only low-
byte addition occurs is an optional cycle
for instructions that read memory when
the Index Register consists of eight

bits. This optional cycle becomes a
standard cycle for the Store instruction,
all instructions using the 16-bit Index
Register mode, and the Read-Modify-
Write instruction when using 8- or 16-bit
Index Register modes.

APPLE Il lie, llc, AND ll+ DISK
SYSTEMS (VL65C816 ONLY)

VDA and VPA should not be used to
qualify addresses during disk operation
on Apple systems. Consult your Apple
representative for hardware/software
configurations.

DB/BA OPERATION (WHEN RDY

IS PULLED LOW -VL65C816

ONLY) :

When RDY is low, the Data Bus is held in
the data transfer state (i.e., @2 high).

The Bank address external transparent
latch should be latched when the 2
clock or RDY is low.

MX OUTPUT (VL65C816 ONLY)
The M/X output reflects the value of the
M and X bits of the processor Status
Register. The REP, SEP, and PLP
instructions may change the state of the
M and Xbits. Note that the M/X output
is invalid during the instruction cycle
following REP, SEP, and PLP instruction
execution. This cycle is used as the
opcode fetch cycle of the next
instruction.

INSTRUCTIONS

Opcodes - It should be noted that all
opcodes function in all modes of
operation. However, some instructions
and addressing modes are intended for
VL65C816 24-bit addressing and are
therefore less useful for the VL65C802.
The following instructions and
addressing modes are primarily intended
for VL65C816 use:

JSL; RTL; [d]; [d],y; JMP al; JML;
al; al,x

The following instructions may be used
with VL65C802 even though a Bank
Address is not multiplexed on the Data
Bus:

PHK; PHB; PLB

The following instructions have limited
use in the Emulation mode:

»  The REP and SEP instructions
cannot modify the M and X bits when in
the Emulation mode. In this mode the M
and X bits are always high (logic 1).

. When in the Emulation mode, the
MVP and MVN instructions use the X
and Y Index Registers for the memory
address. Also,the MVP and MVN
instructions can only move data within
the memory range 0000 (Source Bank)
to 00FF (Destination Bank) for the
VL65C816, and 0000 to OOFF for the
VL65C802.
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Indirect Jumps-The JMP (a) and JML (a)
instructions use the direct Bank for
indirect addressing, while JMP (a,x) and
JSR (a,x) use the Program Bank for
indirect address tables.

Switching Modes-When switching from
the Native mode to the Emulation mode,
the X and M bits of the Status Register
are set high (logic 1), the high byte of
the Stack is set to 01, and the high
bytes of the X and Y Index Registers are
setto 00. To save previous values,
these bytes must always be stored
before changing modes. Note that the
low byte of the S, X, and Y Registers
and the low and high bytes of the
Accumulator (A and B) are not affected
by a mode change.

How hardware interrupts, BRK, and COP
instructions affect the Program Bank

and the Data Bank Registers-

when in the Native mode, the Program
Bank register (PBR) is cleared to 00
when a hardware interrupt, BRK or COP
is executed. Inthe Native mode, the
previous PBR contents are

automatically saved.

Note that a Return from Interrupt (RTI)
should always be executed from the
same mode that originally generated the
interrupt.

Binary Mode-The Binary mode is set
whenever a hardware or software
interrupt is executed. The D flag within
the Status Register is cleared to zero.

WAI Instruction-The WAl instruction
pulls RDY low and places the processor
inthe WAI low-power mode. NMI, IRQ,
or RESET terminate the WAI condition
and transfer control to the interrupt
handler routine. Note that an ABORT
input aborts the WAI

instruction, but does not restart the
processor. When the Status Register 1
flag is set (IRQ disabled), the IRQ
interrupt causes the next instruction
(following the WAl instruction) to be
executed without going to the IRQ
interrupt handler. This method results in
the highest speed response to an IRQ
input. When an interrupt is received
after an ABORT that occurs during the
WAl instruction, the processor return to
the WAl instruction. Other than RES
(highest priority), ABORT is the next- _
highest priority, followed by NMI or IRQ
interrupts.

STP Instruction-The STP instruction
disables the 82 clock to all circuitry.
When disabled, the 82 clock is held in
the high state. Inthis case, the Data
Bus remains in the data transfer state
and the Bank address is not multiplexed
onto the Data Bus. Upon executing the
STP instruction, the RES signal is the
only input that can restart the
processor. The processor is restarted
by enabling the 82 clock, which occurs
on the falling edge of the RES input.
Note that the external oscillator must be
stable and operating properly before
RES goes high.

COP Signatures-Signatures 00-7F may
be user defined, while signatures 80-FF
are reserved.

RDY Pulled During Write-The NMOS
6502 does not stop during a write
operation. In contrast, both the
VL65C02 and the VL65C816 do stop
during write operations. The VL65C802
stops during a write when in the Native
mode, but does not stop when in the
Emulation mode.

MVN and MVP Affects on the Data Bank
Register -The MVN and MVP
instructions change the Data Bank
Register to the value of the second byte
of the instruction (destination bank
address).

INTERRUPTS

Interrunt Pricrities-The following
interrupt priorities are in effect should
more than one interrupt occur at the
same time:

RES Highest
ABORT

NI

IRQ Lowest

TRANSFERS

Transters from 8-Bit to 16-Bit, or 16-Bit
to 8-Bit, Registers - All transfers from
one register to another result in a full 16-
bit output from the source register. The
Destination Register size determines
the number of bits actually stored in the
destination register and the values
stored in the processor Status Register.
The following are always 16-bit
transfers, regardless of the accumulator
size:

TCS; TSC; TCD; TDC

Stack Transfers-When in the Emulation
mode, a 01 is forced into SH. In this
case, the B Accumulator is not loaded
into SH during a TCS instruction. When
in the Native mode, the B Accumulator is
transfered to SH. Note that in both the
Emulation and Native modes, the full 16
bits of the Stack Register are
transferredtothe A, B,and C
Accumulators, regardless of the state of
the M bit in the Status Register.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses above those listed under
Temperature 0°Cto +70°C "Absolute Maximum Ratings" may cause

Storage Temperature -55°C to +150°C permanent damage to the device. These
are stress ratings only. Functional

Supply Voltage to o N . X

1 peration of this device under these or
Grou'nd Potential 03Vio+7.0V any conditions other than those
Applied Input indicated in this data sheet is not
Voltage -0.3Vto VDD + 0.3V implied. Exposure to absolute maximum

rating conditions for extended periods
may affect device reliability.

This device contains input protection
against damage due to high static
voltages or electric fields. However,
precautions should be taken to avoid
application of voltages higher than the
maximum rating.

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

Parameter Symbol Min Max Unit

Input High Voltage . VIH

RES, RDY, IRQ, Data, SO, BE, 2.0 Voo + 0.3 Vv

¢2 (IN), NMI, ABORT 0.7 Voo Voo + 0.3 \'
Input Low Voltage o ViL

RES, RDY, IRQ, Data, SO, BE, -0.3 0.8 Y

@2 (IN), NMI, ABORT -0.3 0.2 Vv
Input Leakage Current (Vin = 0 to VDD) hN

RES, NMI, RDY, IRQ, SO, BE, ABORT (Internal Pullup) -100 1 HA

@2 (IN) . -1 1 A

Address, Data, R/W (Off State, BE = 0) -10 10 uA
Output High Voltage (loH = -100uA) VoH

SYNC, Data, Address, R/W, ML, VP, M/X, E, VDA, VPA,

@1 (OUT), ¢2 (OUT) 0.7 Voo — \
Output Low Voltage (loL = 1.6mA) ___ Vou

SYNC, Data, Address, R/W, ML, VP, M/X, E, VDA, VPA,

¢1 (OUT), 2 (OUT) — 0.4 \Y
Supply Current (No Load) loo 4 mA/MHz
Standby Current (No Load, Data Bus =Vss or Vop Iss _

RES, NMI, IRQ, SO, BE, ABORT, ¢2 = VbD) 10 HA
Capacitance (VIN = 0V, TA = 25°C, f = 2 MHz)

Logic, 92 (IN) CiN — 10 pF

Address, Data, R/W (Off State) Cts - 15 pF
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32-BIT REDUCED INSTRUCTION SET COMPUTER

FEATURES

32-bit internal architecture
32-bit external data bus
64M-byte linear address space

Bus timing optimized for standard
DRAM usage with page mode
operation

32M-byte/second bus bandwidth
Simple, powerful instruction set
providing an excellent high-level
language compiler target
Hardware support for virtual
memory systems

Low interrupt latency for real-time
application requirements

Full CMOS implementation results in
low power consumption

Single 5 V+5% operation

84-pin JEDEC Type-B leadless chip
carrier or plastic leaded chip carrier
(PLCC)

DESCRIPTION

The VL86C010 Acorn RISC Machine
(ARM) is a full 32-bit general-purpose
microprocessor designed using
reduced instruction set computer
(RISC) methodologies. The processor
is targeted for the microcomputer,
graphics, industrial, and controller
markets for use in stand-aione or
embedded systems. Applications in
which the processor is useful include
laser printers, graphics engines, N.C.
machines, and any other systems
requiring fast real-time response to
external interrupt sources and high
processing throughput.

The VL86C010 features a 32-bit data
bus, 25 registers of 32 bits each, a
load-store architecture, a partially
ovetlapping register set, 3 ps worst-
case interrupt latency, conditional
instruction execution, a 26-bit linear
address space, and an average
instruction execution rate of from three
to four million instructions per second
(MIPS). Additionally, the processor
supports two addressing modes:
program counter (PC) and base
register relative. The ability to do pre-
and post-indexing allows

stacks and queues to be easily
implemented in software. All
instructions are 32 bits long (aligned
on word boundaries), with register-to-
register operations executing in one
cycle. The two data types supported
are 8-bit bytes and 32-bit words.

Using a load-store architecture
simplifies the execution unit of the
processor, since only afew
instructions deal directly with memory
and the rest operate register-to-
register. Load and store multiple
register instructions provide enhanced
performance, making context switches
faster and exploiting sequential
memory access modes.

The processsor supports two types of
interrupts that differ in priority and
register usage. The lowest latency is
provided by the fast interrupt request
(FIRQ), which is used primarily for /O
to peripheral devices. The other
interrupt type (IRQ) is used for
interrupt routines that do not demand
low-latency service or where the
overhead of a full-context switch is
small compared with the interrupt

process execution time.
PIN DIAGRAM
JEDEC Type-B Ceramic Leadless Chip Carrier
Mi_SEQ A25 A23 A21 A19 A17 A15 A13 Al
GND| M0 |ALE| A24 ] A22] A20| A18| A16] A14] A12 |VCC
[
121314 151617 18102021 222324 25 26 2728 293031 32
vee 11 33 ] GND
TRANS 34 T A0
RESET 35 CJ A9
FIRQ 36 ] A8
TRQ 37 ] A7
ABORT 38 ] A6 ORDER INFORMATION
MREG 39 ] A5
OPC 40 E :g Part Clock Pack
aw 4 ackage
o il I Number Frequency g
, = .
E% Bottom View :34 = :‘1) VL86C010-04QC Plastic Leaded
DBE 45 o ABE Chip Carrier
——— 1 4MHz
NC 46 = Do
D31 47 . D1 JEDEC Type-B
D30 4 O D2 VL86C010-04LC Ceramic Carrier
D29 49 .| D3
D28 50 ] D4
D27 51 . Ds Plastic Leaded
vee 52 . D VL86C010-08QC Chip Carrier
GND 53 4 b7 —_1 8MHz "
747372717069 686766 65 64 6362 61 6059 58 5756 55 54 JEDEC Type-B
1 VL86C010-08LC Ceramic Carrier
D26 | D24 | D22 | D20 | D18 | D16 |D14|D12|D10] D8 |GND

D25 D23 D21 D19 D17 D15 D13 D11 D9 VCC

Note: Operating temperature range: 0°C to +70°C.
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BLOCK DIAGRAM
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Description

SIGNAL DESCRIPTIONS
Pin

Signal Number

Name 1)

1,22 2,1

BQ 7

FIRQ 8

RESET 9

ABORT 6

DO0-D31 46-53,
56-74,77-81

DBE 83

Bw 84

™o, T 14,13

A0-A25 44-34,
31-11

ABE 45

ALE 16

the

Processor Clock @1 and @2 Inputs - These two inputs provide the clock to the circuit. In
order to minimze clock skew, these inputs are not buffered internally and therefore must
swing monotonically between GND and VCC without overshoot.The clocks must be
non-overlapping and should be driven directly by 74HCXX outputs.

interrupt Request input- This is the normal interrupt request pin. It may be asserted
asynchronously to cause the processor to be interrupted. ltis active LIW.

Fast Interrupt Request Input - This interrupt request line has a higher priority than IRQ,
but otherwise isthe same. It, too, is active LOW.

Reset Input - This is the reset signal for the processor. While active, the processor will
execute no-ops until the signal goes inactive, from which point execution starts at the
reset vector location. This signalis active HIGH.

Abort Input - This signal can be used to abort the current bus cycle being executed by the
processor. Typically it is connected to a memory management unit to control accesses
for protection. The abort signal is active HIGH.

Data 0 - Data 31 - This is the 32-bit bi directional data bus used to transfer data to and
from the memory. These lines are three-state and active HIGH.

Data Bus Enable Input - This is the asynchronous three-state control signal for controlling
the drivers of the data bus. When asserted, the data bus is enabled. This signal is active
HIGH.

Byte /Word Output - This early warning signal (note 2) indicates to the memory system
that the current fetch is a byte, rather than a word, fetch. Itis asserted during the last
portion of the cycle preceding the cycle that will require a byte fetch. When asserted
(LOW) the memory system should deal with bytes. It is active LOW.

Mode 0,1 Outputs - These two signals are used to indicate the current operating mode of
the processor. They can be used as address space modifiers to increase the address
space, or to assist a memory management unit in offering various protection modes. The
lines are active LOW and the inverse of bits 0,1 of the processor status register.

MO MT MODE
0 0 Supervisor
0o 1 IRQ
1 0 FIRQ

1 1 USER

Address 0 - Address 25 Outputs - These are the 26 address lines. A0 and A1 are byte
addresses and should be ignored except during byte memory cycles. During word
transfers the current mode value will appear on these signals. The address lines are three-
state and active HIGH.

Address Bus Enable Input - This is the asynchronous tri-state control signal for controlling
the drivers of the address bus. When asserted the address bus is enabled. The signalis
active high.

Address Latch Enable Input- This signal is used to control internal fransparent latches on
the address outputs. When ALE is HIGH, the address outputs change during phase 2to
value required for the next cycle. Direct interfacing to ROMs requires address lines to be
stable until the end of phase 2. Holding ALE LOW until the end of phase 2 will latch the
address outputs for ROM cycles. Systems that do not directly interface to ROMs may tie
ALE HIGH.
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SIGNAL DESCRIPTIONS
Pin

Signal Number Signal

Name 1) Description

RwW 3 R/W Output - This is the read / write signal from the processor. When asserted (LOW) it
indicates that the processor is performing a read operation. When negated, (HIGH) the
processor is performing a write operation. This signalis an early warning signal (note 2)
and is active LOW.

MREQ 5 Next Memory Cycle Start Output - This is an early warning indicator (note 2) that is

asserted before the processor will start a memory cycle during the next clock phase. This
signal is active LOW.

TRANS 10 Translate Enable Output - This signal, when asserted by the processor, tells amemory
management unit that translation should be done on the current address. When negated it
indicates that the address should pass through untranslated. This signal is active LOW.

OPC 4 Instruction Fetch Output - This early warning signal (note 2), when asserted, indicates
thatthe current bus cycle is an instruction fetch. This signal is active LOW.
SEQ 15 Next Address Sequential Output- This early warning signal (note 2) is asserted when the

processor will generate a sequential address during the next memory cycle. It may be
used to control fast memory access modes. This signalis active HIGH.

Notes:
1 Pinnumbers are for JEDEC Type-B leadless chip carrier only.
2 Early warning signals are asserted during the last portion of the cycle preceding the cycle for which they will be used.

FUNCTIONAL PINOUTS
ADDRESS BUS
< veew) |, A25 - A
POWER GND(4)
DATA BUS
D31 - DO
cLock f——91 4 | M
= PROCESSOR
INPUTS 22 ) MO MODE
VL86C010 ¢ 2BE___
ABE
INTERRUPT/ ——IRQ PLE
CONTROLY ___FIRQ ]| BW
RW \ BUS
VREQ > CONTROL
TRANS
RESET DANSy,
SYSTEM f—RESET oPC
cowmm.{ _ABORT ) e
/
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FUNCTIONAL

DESCRIPTION
The philosophy of RISC processor

design is based on the idea that some
processing functions can be moved
from hardware to software, with the
result that the simplified hardware can
actually execute functions in software
faster than with complicated hardware.
Analysis done several years ago at
major research centers has shown that
a processor and compiler combination
can replace the traditional processor-
alone architectures. One of the sad
historical facts of the 16-bit processor
world is that, after chip designers spent
many man-months figuring out how to
implement universally acceptable
complicated instructions to do such
things as link to a subroutine, few
compiler writers actually took advantage
of these complex instructions. Infact,
most compilers only use a fraction of the
instructions and addressing modes of
traditional computer architectures.

In addition, the customer pays dearly
for the unused silicon required to
implement these instructions. The
customer pays for the inefficient
utilization in both cost of the processor
and in lower performance since the
silicon spent for complex instruction
decoding and micro-sequencing could
have been used for additional pipelining,
larger register sets, or other special-
purpose hardware that can be used
efficiently. If the addition of a new
instruction causes all instructions to
execute 10% slower due to internal
processor delays, the new instruction
had better be used more than 10% of the
time, otherwise overall performance has
been sacrificed. This makes an
argument for simple performance-
oriented architectures that are more
dependent on compiler technology to
implement less frequently used
instructions.

ABETTERMEASURE OF
PERFORMANCE

Inherent in the concept of RISC
processors is the notion that more
instructions are required to implement
the same functions than could be done
by fewer instructions with a complex
instruction set computer (CISC)

processor. In most cases, even when
more instructions are needed by RISC
processors, the function can still be
performed more quickly on RISC
processors than CISC processors. This
is causing the industry to doubt the
million instruction per second (MIPS)
ratings of RISC processors for good
reason. Theterm MIPS is often used
exclusively as a means of
benchmarking performance. A better
measure of performance is to time
actual execution of real-world problems,
independent of the number of
instructions required to implement the
function. Animportant parameterto
keep constant when benchmarking
processors is the memory access
times, since not all processors will meet
performance claims when working with
commodity memories.

Another traditional measure of
performance in the microprocessor
world is the clock frequency of the
processor. " Faster is better" has been
the rule of thumb, but the most important
consideration is the average number of
bus cycles per instruction. A processor
with a low clock frequency and a low
number of bus cycles per instruction

can actually outperform a processor

processors is one that benchmarks high
while using a relatively low clock
frequency and a small number of clocks
per instruction executed. The VL86C010
possesses these characteristics giving

it the best future evolution path to

exploit advances in process

technology.

PROGRAMMING MODEL

The VL86CU10 contains aiarge, partiaiiy
overlapping set of 25 32-bit registers,
although the programmer can access
only 16 registers in any mode of
operation. Fifteen of the registers are
general-purpose, with the remaining ten
dedicated to such functions as user
mode, FIRQ mode, IRQ mode,
supervisor mode and the program
counter / processor status register.
Figure 1 shows the register model of the
VL86C010. Registers ROto R13 are
accessible from the user mode for any
purpose. The fifteenth register, user
mode return-link, is specificto the user
mode. lts contents are mapped with
those of other return-link registers as
the mode is changed. The return-link
register is used by the Branch-and-Link
instruction in aprocedure call
sequence, butmay be used as a general-
purpose register at other times. The

with a high clock frequency and a higher least significant two bits of the
number of bus clock cycles per processor status word (PSW) define the
instruction. The best choice of current mode of operation.
FIGURE1.VL86C010 REGISTER SET
31 87 0
| 1 ] RO
R10
USER A1
MODE R12
R13
R14
(LINK)
Ri0
FAST R11
IRQ R12
MODE R13
R14
(LINK)
IRQ [ I | R13
MODE [ ] | R14
(LINK)
sup | l | R13
mopE | I ] Rid
(LINK)
31302928272625 2 10
[N[Z[eVITTF] PROGRAM COUNTER

M1][Mo] R15
11 o) PSR/PC
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Fiveregisters are dedicated to the FIRQ
mode and overlay user mode R10to R14
when thefastinterrupt requestis
serviced. The registers R10 FIRQto
R13 FIRQare local to the fast interrupt
setvice routine and are used instead of
the user mode registers R10-R13. R14
FIRQ holds the address used to restart
the interrupted program, instead of
pushing itonto a stack at the expense

of another memory cycle. Using a link
register helps provide very fast
servicing of l/O-related interrupts,
without disturbing the contents of the
general-purpose register set, although
the FIRQ routine can access the RO to
R9 user-mode registers if desired. The
FIRQ mode is typically used for very
short interrupt service routines that -
might fetch and store charactersin a
disk or tape controller application.

The nexttwo tegisters are dedicated to
the IRQ mode and overlay user mode
R13 and R14 when the IRQ s serviced.
Once again, R14 IRQ s the return-link
register that holds the restart address
and R13IRQiis general-purpose and
dedicated to the IRQ mode. This mode
is used when the interrupt service
routine will be lengthy and the overhead
of saving and reloading the register set
will not be a significant portion of the
overall execution time.

Two registers are dedicated tothe
supervisor mode and overlay user mode
R13 and R14 when a supervisor mode
switch is made using a SWl instruction.
Operation of these two registers is the
same as previously discussed.

Thelastregister (R15) contains the
processor status word and program
counter and is shared by all modes of
operation. The upper six bits are
processor status, the next 24 bits are
the program counter (word address),
andthe last two indicate the mode.

PROCESSOR STATUS

REGISTER

Like most 32-bit processors the
VL86C010 makes a distinction between
user and supervisor modes: the user
executes at the lowest privilege level,
and the supervisor interrupts executes
at higher levels of privilege. Figure 2
shows the processor status

FIGURE 2. PROCESSOR STATUS REGISTER

31302928272625 210
N[ZICIVITIF] PROGRAMCOUNTER TMA[Mo]
|
L PC- 24 BITS YIELDS 64Mb MODE* ADDRESS TRANSLATION
ADDRESS SPACE UseR CORGED
FAST INTERRUPT MASK * 1 FASTIRQ  UNDERPROGRAMCONTROL
NORMAL INTERRUPT MASK * 2 NORMALIRQ ~UNDERPROGRAM CONTROL
OVERFLOW 3 SUPERVISOR UNDERPROGRAM CONTROL
CARRY,BORROW, ROTATEEXTEND
ZERO

word containing the control line states
associated with each mode.

Translate is a control signal provided by
the processor for control of an external
memory management unit. The translate
line is enabled in the user mode and
disabled in the supervisor, fast

interrupt, and normal interrupt modes,
since all modes except for the user
mode are expected to be running secure
code. Translated fetches can be made
from the supervisor mode by setting an
optional bit in the load / store
instructions.

The processor status register

contains the program counter, mode
control bits, and condition codes, as
shown in Figure 2. The bits marked with
an asterisk are alterable only from non-
user modes. If the user tries to write to
these bits, they remain unchanged and
the processor continues operation inthe
user mode. In other words, this is not a
trap condition. Theflags inthe
processor status register are the
standard Negative, Zero, Carry, and
Overflow. The sixteen allowable
combinations of the condition code bits
are shown in Table 1. These
combinations are used for all conditional
instruction execution since a conditional
branch is nothing more than ajump
instruction with conditional execution.

EXCEPTIONS

The VL86C010 supports a partially
overlapping register set so that, when
interrupts are taken, the contents of the
register array does not have to be saved
before new operations can begin.
Improved responsetime is
accomplished, inthe case of the fast
interrupt, by dedicating four general-

NEGATIVE, SIGNED LESS THAN

* -- ACCESS FROM NON-USER
MODES ONLY

purpose registers;, in addition to a return-
link register, that are only accessible in
the FIRQ mode. These dedicated
registers can contain all the pointers
and byte-counts for simple /O service
routines, thus incurring no overhead
when context-switching between
processing and servicing interrupts at
highrates. The other modes (IRQ and
SUP) each have one general-purpose
and one return address (link) register
dedicated to them. The general-purpose
register is ideally suited for
implementing a local stack for each
mode. The need for dedicated registers
inthese modes is not as great, since the
time spentin an interrupt or supervisor
routine is on the average much greater
than the time spent in transition between
the routines. The working registers can
be saved and restored from stacks
without significant overhead.

The interrupt latency of the VL86C010is
very short because the instruction
execution time is typically 250 ns, with a
maximum of 2.25 p (for a load multiple
instruction, loading sixteen registers).
Once the processor recognizes an
interrupt is pending, the time to begin
processing is 0.5 p, making a total
worst-case interrupt latency of 2.75 .
In addition to interrupts, six other types
of exceptions are supported by the
processor. These are address
exceptions, data-fetch cycle aborts,
instruction-fetch cycle aborts, software
interrupts, undefined instruction traps,
and reset.

The VL86C010 supports a 26-bit linear
address space, allowing atotal of 64M-
bytes of physical memory. Data
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TABLE 1. INSTRUCTION CONDITION CODES

Encoded
Condition Value Operation
AL E Always
cC 3 Carry Clear / Unsigned Lower Than
Cs 2 Carry Set / Unsigned Higher Or Sarme
EQ 0 Equal ( Z Set )
GE A Greater Than Or Equal (N -V ) +(N-V)
GT c Greater (N =V) + (N -V)) -2)
HI 8 Higher Unsigned (C - Z)
LE D Less Than Or Equal ((N-V)+(N-V)) +2Z)
LS 9 Lower Or Same Unsigned (C + Z)
LT B Less Than ((N-V) +(N-V))
Mi 4 Negative ( N )
NE 1 Not Equal (Z)
NV F Never
PL 5 Positive (N )
vC 7 Overflow Clear
VS 6 Overflow Set

references outside the range O to
3FF,FFFFH cause an address exception
trap that can be used to detect a run-
away program. The program counter will
wrap around to 0000H without causing
an address exception condition.

If the abort signal is asserted by the
memory management unit during a data
fetch, the processor will abort data
transfer instructions (LDR, STR) as if
they had never been executed. Ifthe
instruction was a block data transfer
(LDM, STM), the processor will allow the
instructions to complete. If the write-
back control bit in these instructions is
set, the base address will be updated
even if it would have been overwritten
during the instruction execution. An
example of this would be execution of a
block data transfer instruction with the
base register in the list of registers to be
overwritten.

Software interrupt instructions (SWI) are
used to change from user mode to
supervisor mode.- When encountered,
the processor will save the current
program counter (R15) into R14 SUP,
setthe mode bits to the supervisor
mode, and start execution at the
software interrupt vector address.

An undefined instruction will cause a
trap similar to the execution of a
software interrupt, except thatthe
undefined instruction vector willbe

used as the next address.

Reset is treated similar to the other
traps and will start the processor from a
known address. When the reset
condition is recognized, the currently
executing instruction will terminate
abnormally, the processor will enter the
supervisor mode, disable both the FIRQ
and IRQ interrupts, and begin execution
at address 0000H. While the reset
condition remains, the processor will
execute dummy instruction fetches.

The processor exception vector map is
illustrated in Figure 3. The exceptions
are prioritized to reset (highest),
address exception, data abort, FIRQ,
IRQ, prefetch abort, undefined
instruction, and software interrupt
(lowest).These vector addresses
normally will contain a branch instruction

FIGURE 3. EXCEPTION VECTOR MAP

to the associated service routine,
except for the FIRQ entry. In orderto
further reduce latency, the FIRQ service
routine may begin at address 001CH if
the software designer so chooses.

Whenever the processor enters the
supervisor mode, whether from a SWI,
address exception, undefined
instruction trap, prefetch, or data abort,
the IRQ s disabled and the FIRQ
unchanged.

INSTRUCTION SET

The VL86C010 supports five basic
types of instructions with several
options available to the programmer.
These instruction types are: data
processing , data transfer, block data
transfer, branch, and software interrupt.
Allinstructions contain a 4-bit
conditional execution field (shown in
Table 1) that can cause an instructionto
be skipped if the condition specified is
nottrue. The execution time fora
skipped instruction is one sequential
cycle (125 nsfor an 8 MHz processor).

Data processing instructions operate
only ontheinternal register file and
each has three operand references: a
destination and two source fields. The
destination (Rd) canbe any of the
registers, including the processor
status register, although some bits in
R15 can only be changed in particular
modes. The source operands can have
two forms: both can be registers (Rm
and Rn) or aregister (Rn) and an 8-bit
immediate value. Both forms of operand
specification provide for the optional
shifting of one of the source values
using the on-board barrel shifter. If both
operands are registers, the Rm can be

Address{Hex) Function PriorityLevel
000 0000 Reset 0
000 0004 Undefined Instruction Trap 6
000 0008 Software Interrupt 7
000 000C Abort (Prefetch) 5
000 0010 Abort (Data) 2
000 0014 Address Exception 1
000 0018 Normal Interrupt (IRQ) 4
000 001C Fast Interrupt (FIRQ) 3




Vi vissco10

TABLE 2. DATA PROCESSING INSTRUCTIONS

Flags
Instr Funct! Op Code Operation Affected
ADC Add With Carry 5 Rd:=Rn+Shift(S2)+C N,Z,C,V
ADD Add 4 Rd:=Rn+Shift(S2) N,Z,C,V
AND And 0 Rd:= Rn « Shift(S2) N,Z,C
BIC Bit Clear E Rd:= Rn + Shift(S2) N,Z,C
CMN Compare Negative B Shift(S2)+Rn N,Z,C,V
CMP Compare A Rn-Shift(S2) N,Z,C,V
EOR Exclusive OR 1 Rd:=Rn@ Shift(S2) N,Z C
MOV Move D Rd:=Shift(S2) N,Z,C
MVN Move Negative F Rd:=Shift(S2) N,Z,C
ORR Inclusive OR C Rd:=Rn+Shift(S2) N,Z,C
RSB Reverse Subtract 3 Rd:=Shift(S2)-Rn N,Z,C,V
RSC Reverse Subtract With Carry 7 Rd:=Shift(S2)-Rn-1+C N,Z,C.V
SBC Subtract With Carry 6 Rd:=Rn-Shift(S2)-1+C N, Z,C,V
sSuB Subtract 2 Rd:=Rn-Shift(S2) N,Z,C,V
TEQ Test For Equality 9 Rn @ Shift(S2) N,Z, C
TST Test Masked 8 Rn « Shift(S2) N,Z C

shifted. For the other case, itis the
immediate value that can pass through
the shifter. Another field inthese
instructions allows for the optional
updating of the condition codes as a
result of execution of the operation.
Table 2 shows the possible data
processing operations and the status
flags affected.

Data transfer instructions are used to
move data between memory and the
register file (load), or vice-versa:(store).
The effective address is calculated
using the contents of the source
register (Rn) plus an offset of either a
12-bitimmediate value or the contents
of another register (Rm). When the
offset is aregister, it can optionally be
shifted before the address calculation is
made. Table 3 shows the addressing
modes supported and their
corresponding assembler syntax. The
offset may be added to or subtracted
from index register Rn. Incrementing or
decrementing can be either pre- or post-
indexing, depending on the desired
addressing mode. In the post-indexed
mode, the transfer is performed using
the contents of the index register as the
effective address, and the index
register is modified by the offset and
rewritten. In the pre-indexed mode, the
effective address is the index register
modified in the appropriate manner by
the offset. The modified index register

can be written back to Rn, if the write-
backbit is set (or left unchanged, if
desired). When a register is used as the
offset, it can be pre-scaled by the barrel
shifter in a similar manner, as with data
processing instructions.

Datatransfer instructions can
manipulate bytes or words in memory.
When abyte is read from the memory, it
is placed in the low-order 8 bits of the
register and zero-extended to a full
word. For byte writes, the lower 8 bits of
the register are written to the byte
address referenced and the other bytes
within the word unaffected.

The VL86C010 suppotts both logical
and physical address spaces at alower
level in hardware than other
processors. Data transfer instructions

contain a translate enable bit that allows
non-user mode programs to selectthe
logical or physical address space as
desired. The bit from the instruction is
placed on the TRANS pin of the
processor to signal an external memory
management unit (MMU) whether to
translate first or pass the address from
the processor bus to the memory. This
allows programs executing inthe
supervisor or interrupt modes to have
easy access to user memory areas for
page fault correction or to have bounds
checking performed on dynamic data
structures in the system space by the
MMU. In the user mode, addresses are
alwaystranslated by the MMU if it is
implemented inthe system.

Theblock data transfer instructions
allow muttiple registers to be movedina
single instruction. The instruction has a
field containing a bit for each of the
sixteen registers visible in the current
mode. Bit 0 corresponds to RO, and bit
15 corresponds to R15, the program
counter. A bit set in a particular position
means that the corresponding register
will be affected by the transfer. The
register bits are always saved from
lowest to highest and RO will always
appear at a lower address than R1. The
ability to pre- or post- increment or
decrement allows both stacks and
queues to be implemented efficiently
with any convention chosen by the
programmer.

The branch instruction has two forms,
branch and branch-with-link. The branch
instruction causes execution to start at
the current program counter plus a 24-
bit offset contained in the instruction.

TABLE 3. MEMORY ADDRESSING MODES

AddressingViode Operation Syntax
PC Relative EA* = PC + Offset ( 12 Bits ) | LABEL
Base Register Offset EA* = Rn [Rn],Off
With Post-Increment Rn + Offset —® Rn

Base Register Offset EA* = Rn x Offset (12 Bits ) | [Rn,Off]
With Pre-Increment** Rn + Offset —® Rn

Base Register Index EA* = Rn Rn],Rm
With Post-Increment Rn+Rm —&» Rn (Rn]

Base Register Index EA" = Rn+ Rm [Rn,Rm]
With Pre-Increment** Rn+Rm —& Rn

* - Effective Address

** - Program control of index. register update, i.e. Rn may be left unchanged.
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The offset is left-shifted by

two bits (forming a 26 bit address)
before it is added to the program
counter. Since all instructions are
word-aligned a branch can reach any
location in the address space. The
branch-with-link instruction copies the
program counter and processor status
register into R14 prior to branching to
the new address. Returning from the
branch-with-link simply involves

reloading the program counter from R14
(MOV PC,R14). The PSR can optionally
be restored from R14 (MOVS PC,R14).
The software interrupt instruction format
is used primarily for supervisor service
calls. When this instruction is executed
the PC and PSR are saved in R14 SUP.
The PC is then set to the SWI vector
location and the processor placed in the
supervisor mode.

Instructions operate at speeds that are

TABLE 4. INSTRUCTION EXECUTION TIMES

Base E: i j t for Adjustment for PC
Operation Time Source Shift Modification
RS - #— RD 1S 18 for Shift(RS) 1S + 1N if PC Modified
RS -RS— RD 1S 1S for Shift(RS) 1S + 1N if PC Modified
LDR 2S + 1N 1S for Shift(RS) 1S + 1N if PC Modified
STR 2N 1S for Shift(RS)
LDM (n*"+1)S+ 1N 1S + 1N if PC Modified
STM (n*-1)S +2N
BR 2S + 1N
BR & LINK 2S + 1N
SWI 28 + 1N

* n - the number of registers trarsferred in a Load /Store Mutiple nstruction.
If the condition field in an instuction is not true, the instructicn is skipped and the

execution time is 1S cycle.

dependent upon the options selected.
Table 4 shows the instruction types,
execution rates and adjustments for
operand shifting or affecting the
program counter. The table is
expressed interms of N and S cycles,
representing non-sequential and
sequential cycles, respectively. The
processor is able to take advantage of
memories that have faster access times
when accessed sequentially in the
nibble or column mode. These faster
cycles are designated as S cycles,
while the N cycles typically take twice
as long. If faster static memory is used,
the N and S cycles would be equal.

The VL86CO010 is offered in two
packages, an 84-pin JEDEC Type-B
ceramic leadless chip carrier and an 84-
pin plastic leaded chip catrier (PLCC) for
lower cost applications.The JEDEC
Type-B package requires a suitable
socket for mounting the carrier onto a
printed circuit board. The PLCC package
can be either surface-mounted directly
onto the board or socketed with
currently available standard sockets,
depending on manufacturing
requirements and/or capabilities.

PIN DIAGRAM
Plastic Leaded Chip Carrier

S 6 O o
A9 A7 A5 A3 A1

32 54
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

5 S
ABE D1 D3
A8 As A4 A2 A0 Do D2 D4

o O
D7
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating -10to0 +80°C
Temperature

Storage Temperature -65to + 150°C
Supply Voltageto  -0.5toVCC+0.3V
Ground Potential

Applied Output -0.5t0VCC+0.3V
Voltage

Applied Input -0.5t0+7.0V
Voltage

Power Dissipation 2.0W

Stresses above those listed under
"Absolute Maximum Ratings” may cause
permanent damage to the device. These
are stress ratings only. Functional
operation of this device at these or other
conditions above those indicated in the
operational sections of this

specification is not implied and

exposure to absolute maximum rating
conditions for extended periods may
affect device reliability.

DC CHARACTERISTICS TA=0°Ct0+70°C,VCC=5V+5%

Symbol Parameter Min Typ Max Unit Conditions
VOH Output High Voltage VCC-0.5 VCC \ IOH =-3.0mA
VOL Output Low Voltage 0.4 v IOL=3.6 mA
VIH 01, @2 VCC-0.3 VCC+0.3 \'
Input High voltage
All Others 2.4 VCC+0.3 v
VIL 01, @2 -0.3 0.3 \'
Input Low Voltage
All Others -0.3 0.8 \'
LI 1 Input Leakage Current 10 HA VIN=0VtoVCC
ILO Output Leakage Current 10 pA VOUT =0V to VCC
ICC Operating Supply Current 20 mA See Note 3
10S Output Short Circuit Current TBD mA
CAPACITANCE TA-25°C, {=10MHz
Symbol Parameter Min Max Unit Conditions
Cl Input Capacitance TBD pF VIN=0V - See Note 4
cO Output Capacitance TBD pF VOUT =0V - See Note 4
Notes:

1 Measured with outputs unloaded.

2 Periodically sampled as opposed to 100% tested.
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AC CHARACTERISTICS TA=0°Ct0+70°C,VCC=5V15%

VL86CO010 - 4 VL86C010 - 8
Symbol | Parameter Min. | Typ. | Max. | Min. | Typ. | Max. | Units | Conditions
TV Clock Non-Overlap 0 0 ns | Measured at 2 V Point
TCLK Clock Period 250 10000 | 125 10000 ns
TCKL Clock Low Time TBD | 125 [10000| TBD | 62.5 | 10000 ns
TCKH Clock High Time TBD 125 {10000 | TBD | 62.5 | 10000 ns
TAOUT | Address Delay Time 0 0 ns
TAH Address Hold Time 10 TBD 10 TBD ns
TRWS | R/MW Setup Time 0 TBD o | TBD ns
TRWH | RMW Hold Time 10 TBD 10 TBD ns
TDOUT | Data Out Delay Time 100 50 ns
TDOH | Data Out Hold Time 10 8D 10 TBD ns
TDIS Data In SetupTime 10 10 ns
TDIH Data In Hold Time 20 20 ns
TDBE Data Bus Enable Time 60 30 ns
TDBZ Data Bus Disable Time 70 35 ns
TABTS | Abort Setup Time 70 35 ns
TABTH | Abort Hold Time 0 TBD 0 TBD ns
TSEQD | Sequential Delay Time 110 55 ns
TSEQH | Sequential Hold Time 10 10 ns
AC TEST CONDITIONS AC TEST LOAD CIRCUIT
+5.0V
3;’\‘/"“‘ 3 Output 3 § Devies Under Test 4g0q
2.0V
0.0v
AC Test 2550 100 pF* ——

Points

* Includes Scope and Jig —_—
Capacitance -
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2.0V

TIMING DIAGRAMS
PROCESSOR CLOCKS
< TCLK
PH1 /
7 2.0V 2.0V
PH2 2.0V 2.0V
Ve —>|Tv

MINIMUM BUS CYCLE

=1 TCKL >l TCKH ———————»
PH2 \\ }../ \<
—» TAOUT |- €— TAH
A25 - AQ
(ALEHIGH) —
_ —»| TRWS |4 —
R
l§— TDOUT —p» TDOH —p»
DOUT >§
TDIH —p
DIN -
> TABTH TDIS —p €
ABORT >§;
TAB TSEQH
. TSEQD—p! ABTS —p» )4— SEQH —p»
SEQ >§
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TIMING DIAGRAMS
DATA BUS ENABLE
DBE 2.0V 20V
DATA }
BUS |e— ToBe €— TDBZ

EXAMPLES OF THE INSTRUCTION SET

Thefollowing examples illustrate methods that basic ARM instructions can be combined to yield efficient code. None of the
methods saves a large amount of execution time, although they all save some; most result in more compact code.

EXAMPLE 1 - USING THE CONDITIONAL EXECUTION FOR THE LOGICAL OR FUNCTION.

CMP  Rn,#p ;IFRn=pORRm=qTHEN
BEQ  Label ;  GOTO Label

CMP Rm, #q

BEQ  Label

By using conditional execution, the routine compresses to:

CMP  Rn,#p
CMPNE Rm, #q ; if Rn not equal p, try other test
BEQ Label

EXAMPLE 2- ABSOLUTE VALUE

TEQ Rn, #0 ; check sign
RSBMI Rn, Rn, #0 ; and 2's complement if required

EXAMPLE 3 - UNSIGNED 32-BIT MULTIPLY

; enter with numbers in Ra, Rb - product contained in Rm
MOV  Rm,#0 ; init result register
LOOP MOVS Ra,Ra,LSR#1
ADDCS Rm, Rm, Rb
ADD  Rb,Rb,Rb
BNE LOOP ; stops when Ra becomes zero
;Rm=Ra*Rb
;(Ra=0,Rbisaltered)

EXAMPLE 4-MULTIPLICATION BY 4,5, OR6 AT RUN TIME

MOV  Rc,Ra,LSL#2 ; multiply by 4

CMP  Rb,#5 ; test multiplier value
ADDCS Rc, Re, Ra ; complete multiply by 5
ADDH!I Rc,Rc,Ra ; complete multiply by 6

EXAMPLE 5-MULTIPLICATION BY CONSTANT 2AN USING THE BARREL SHIFTER (1, 2,4,8,16,32,...)
MOV  Ra,Ra,LSL#n
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EXAMPLE 6 - MULTIPLICATION BY CONSTANT (2AN)+1 USING THE BARREL SHIFTER (3,5,9,17,...)
ADD  Ra,Ra,LSL#n

EXAMPLE 7 - MULTIPLICATION BY CONSTANT (2AN)- 1 (3,7, 15, ...)
RSB Ra, Ra, Ra, LSL #n

EXAMPLE 8 - MULTIPLICATION BY 6

ADD  Ra,Ra,Ra, LSL#1 ; multiply by 3
MOV  Ra,Ra, LSL#1 ;andthenby 2

EXAMPLE 9 - MULTIPLY BY 10 AND ADD EXTRA NUMBER (DECIMAL TO BINARY CONVERSION)

ADD  Ra,Ra,Ra, LSL#2 ; multiply by 5
ADD  Ra,Rc,Ra, LSL#1 ; multiply by 2 and add in next digit

EXAMPLE 10 - DIVISION AND REMAINDER

; enter with numbers in Ra and Rb
MOV  Rent, #1 ; bitto control the division

DNV1 CMP Rb,Ra ; move Rb until greaterthan Ra
MOVCC Rb, Rb, ASL #1
MOVCC Rent, Rent, ASL #1

BCC  Div1
MOV  Rc,#0
Div2 CMP Ra, Rb ; test for possible subtraction
SUBCS Ra,Ra,Rb ; subtract if valid
ADDCS Rc, Rc, Rent ; put relevant bits in result
MOVS Rent, Rent, LSR #1 ; shift control bit
MOVNE Rb, Rb, LSR #1 ; halve unless finished
BNE DIv2

;resultin Re
; remainder in Ra
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MESSAGE - PASSING COPROCESSOR (MULTIBUS® Ii)

FEATURES

Full-function, single-chip interface to
Parallel System Bus (iPSB)

Implements full message-passing
protocol on iPSB bus

Offloads managing iPSB bus
arbitration, transfer and exception
cycies from iocai CPU
Compatible with Bus Arbiter/
Controller (BAC) and Message

Interrupt Controller (MIC) interface
designs

Maximizes performance on iPSB bus
and local on-board bus

Simplifies highly functional
interconnect space implementations
for both local and iPSB buses

* Processor-independent interface to
iPSB bus

* Supports co-existence of dual-port
and message-passing architectures

®MULTIBUS is a registered trademark
of Intel Corp.

FUNCTIONAL
DESCRIPTION

The VL82C389 Message Passing
Coprocessor (MPC) provides a high-
integration interface solution for the
Parallel System Bus (iPSB ) of the
MULTIBUS Il architecture. The device
integrates the logic necessary to
implement a full bus interface solution,
including support for message passing
and interconnect spaces, as well as
memory and I/O references on the iPSB
bus. In addition, the MPC is designed to
simplify implementation of dual-port
memory functions for those designs
that must co-exist with message
passing.

The message address space in the
MULTIBUS Il architecture has been
defined to provide a high-performance
interprocessor communication -
mechanism for multiprocessor systems.
By performing the message space
interface, the VL82C389 MPC offloads
the interprocessor communication tasks
from the local on-board CPU, which
decouples the local bus activities from
the iPSB bus activities. Decoupling

these two functions eliminates an
interface bottleneck present in
traditional dual-port architectures. The
bottleneck is a result of having a dual-
port architecture that requires a tight
coupling between a processor and some
shared memory resource of limited size,
Unfortunately, as the number of
processors increases, the dual-port
structure degradates system
performance even more dramatically.

Using the MPC component to decouple
these resources yields several
enhancements to system performance.
For example, resources on the local
processor bus and parallel system bus
are not held in wait states while
arbitration for other resources is
performed. In addition, each transfer
can occur at the full bandwidth of the
associated bus. The benefit of this is
the increased overall system
performance that results from
processors being able to process other
tasks in parallel, with message transfers
being handled by the MPC component.

BLOCK DIAGRAM

LOCAL BUS INTERFACE

<

ORDER INFORMATION

Part

Number Package

VL82C389-GC Ceramic Pin

LOCAL BUS
MULTIPLEXING
BUFFERS AND

CONTROL

INTERNAL LOCAL BUS

)

INTERCONNECT
REGISTERS AND
OPERATION

INTERCONNECT CONTROL

MEMORY, /O AND
INTERCONNECT
REFERENCE
CONTROL

MESSAGE
BUFFERS AND
CONTROL

BUS SPACE
INTERFACE

T

INTERNAL iPSB BUS

Q

-

Grid Array
(PGA)

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

DUAL-PORT
MEMORY
CONTROL

INTERFACE

ARBITRATION
TRANSFER AND
EXCEPTION

DUAL
PORT
contROL | CONTROL
{ L iPSB BUS INTERFACE
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FUNCTIONAL
DESCRIPTION

Arbitration, Transfer, and
Exception Cycle Protocol

Support

The Message-Passing Coprocessor
component implements the full
arbitration, transfer, and exception
cycle protocols required to interface to
the iPSB bus. Arbitration is supported
for both normal fairness mode and high
priority mode.

The MPC component performs the
handshake protocols necessary to
successfully complete iPSB transfer
operations. Transfer operations include
access to memory, /O, message and
interconnect address spaces on the
iPSB bus. During the transfer cycle, the
device generates and checks parity on
the System Control (SC) lines and on the
Address/Data (AD) lines. In addition,
the MPC component recognizes agent
errors and bus exceptions that are
reported to the local CPU for recovery
action.

INTERFACE DESCRIPTION

This section describes each interface
noted in the block diagram on the front
page. These interfaces include the local
bus, the iPSB bus, the interconnect

bus, and dual-port memory.

The Local Bus Interface

The local bus interface is used to
provide a processor-independent path
from the on-board CPU to the iPSB bus.
This interface supports direct
references (memory, I/O, and
interconnect address spaces) to the
iPSB bus, references to local on-board
interconnect space, and the full protocol
for unsolicited and solicited message
operations to/from the on-board CPU.
Within the MPC component, local bus
interface support consists of three
logical interfaces: register, reference,
and DMA. The register interface is used
for message operations and access to
interconnect address register on-board.
These operations are completed fully
asynchronous to the bus clock or
interconnect bus operations. The
reference interface is used to access
resources asynchronous to the CPU
(local interconnect space and memory,
1/O, and interconnect address spaces
onthe iPSB bus). The DMA interface is
used to transfer data for solicited
message operations. This interface is
designed to allow either two-cycle or
single-cycle transfers. Single-cycle

transfers allow direct transfer of data
between the MPC component and
memory. To achieve higher
performance via single-cycle transfers,
the DMA interface is optimized for
aligned data structures; however,
operation on arbitrary byte strings is
also supported.

iPSB Bus Interface

The iPSB bus interface implements a full
32-bit interface to the iPSB bus. This
implementation includes arbitration,
requestor control, replier control, and
error handling functions. As a
requestor, the MPC component
supports references to memory, 1/O,
and interconnect spaces, as well as
message packet transmission. As a
replier, the MPC component supports
interconnect space and message
packet reception. In addition, this
interface provides significant
management services for external dual
port memory. These services include:
address recognition, iPSB bus replier
handshake, agent error checking, and
bus parity generation and checking.
Although this device handles the
majority of errors, the dual-port memory
controller is still responsible for
generation and check of memory data
parity (not bus parity).

Interconnect Bus Support

Simply stated, the interconnect address
space provides a physical addressing
mechanism (rather than logical) for
software initialization and configuration
of system parameters (reduces jumper
configuration) and system level
diagnostics. The interconnect bus
provides a simple 8-bit path between the
MPC component and a user-defined
design for the implementation of
interconnect space. All references to
interconnect space (either from the local
bus or the iPSB bus) are routed through
this path for service. In addition, this
interconnect bus can be used for non-
reference related activities as
diagnostics. An example of a highly
functional interconnect space
implementation is evidenced by the
microcontroller implementation of Intel's
iSBC 386/100. Further details of this
implementation are available in the iSBC
386/100 Hardware Reference Manual
(Intel order number: 146705-001).

Dual Port Memory Support
Although the MULTIBUS Il architecture
has defined the message address
space for optimized performance of
interprocessor communicaiton, more

traditional designs can use dual-port
memory implementations. The iPSB bus
interface has been defined to allow co-
existence of dual-port memory and
message-passing architectures;
however, it should be noted that the
iPSB bus interface is optimized for
message-passing architectures. The
MPC component is designed to support
this co-existence. The device can be
configured to recognize a range of
addresses in memory space and act as
an iPSB bus replier when appropriate. If
an address match is detected, the MPC
component signals the external dual-
port memory controller of the request.
While the MPC component provides an
error detection and recovery mechanism
for most agent errors and bus
exceptions in a dual-port design, it is

still the responsibility of the dual-port
memory controller to generate and
check memory data parity.

Single Board Computer Configuration
The Message Passing Coprocessor
component provides a processor-
independent iPSB bus interface solution
for intelligent SBC boards. Examples
include CPU boards, intelligent
peripheral controllers, file servers,
intelligent data communications
controllers, and graphics/image
processors. This component is
optimized for bus master or intelligent
slave designs. Using the MPC
component reduces overall board real
estate required for the iPSB bus
interface. The MPC component
improves system reliability by
performing the error checking and
reporting protocols defined in the iPSB
bus interface specification.

Message Support

The MPC provides full support for
unsolicited and solicited messages. For
solicited messages, the MPC supports a
one message deep transmit FIFO and a
four message deep receive FIFO. For
solicited messages, the MPC supports
one output channel and one input
channel. Each channel has two packet
buffers to allow pipelined operations on
the local and iPSB buses. These
features provide the required level of
support necessary to implement the
high-bandwidth message-passing
facility defined in the Multibus II
architecture.

Unsolicited Message Support
Unsolicited message support in the MPC
is provided on the local bus via a
register interface and on the iPSB bus
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with a packet transfer mechanism. An
unsolicited message is initiated by the
sending host CPU transferring a
message to its local MPC. The transfer
is performed as a series of register
operations to the transmit FIFO. An un-
solicited message may be from 4 to 32
bytes in length in four-byte increments.
Once the unsolicited message is
transferred to the MPC, the sending
host is free to discard the message in
memory and process another task if it
so chooses. In parallel the MPC
requests access to the iPSB bus for the
pending transfer. Once the iPSB bus is
obtained, the sending MPC transfers the
message, as a single packet, to the
receiving agent.

The receiving agent recognizes the
incoming packet by its destination
address field. If the MPC on the
receiving agent detects a match
between its message host ID and the
destination address field, the packet is
stored in a buffer and checks for error
conditions. Any errors found are
signaled to the sending MPC via the
iPSB bus protocol.

Assuming the packet received is error-
free, the receiving host CPU is informed
of the message via an interrupt signal
generated by the MPC. The host
responds to this interrupt by performing
a series of register operations to
retrieve the message from the receive
FIFO.

I an error occurs during the transfer of
an unsolicited message over the iPSB
bus, the sending MPC takes recovery
action. If the error is aNACK, the MPC
retries the message a predetermined
number of times. All other errors are
reported back to the sending host CPU
for recovery actions. The host CPU is
signaled via an interrupt and can
retrieve the unsolicited message, with
error status, through the error FIFO.
Again this operation is performed with a
series of register operations.

Solicited Message Support
Solicited message transfers can be
divided into three basic phases:
negotiation, data transfer, and
completion. The negotiation phase of
the solicited transfer requires the
exchange of two special unsolicited
messages between the sending and
receiving agents. The buffer request
message is transferred from the sending
agent to the receiving agent and the
buffer grant is returned from the

receiving agent to the sending agent.
The MPC supports the transfer of these
messages with the standard transfer
protocol on the iPSB bus as previously
described for the typical unsolicited
message.

A solicited message transfer is initiated
by the sending host CPU writing a buffer
request message to the sending MPC
transmit FIFO. The sending MPC
recognizes the message as a buffer
request and saves the following
information. The destination and source
addresses are saved for use in the data
transfer phase. The request ID is saved
for identification during completion or
cancel operations. The transfer length is
saved to determine the end of transfer
and may contain any number of bytes.
The MPC will pad the transfer to an even
four-byte increment on the iPSB bus.

The sending MPC then assigns a sender
liaison ID and transfers the buffer
request message packet onthe iPSB
bus. The sender liaison ID is used to
bind the buffer grant (or reject ) to its
corresponding buffer request when it is
received back at the sending MPC. This
allows the protocol to be extended to
muttiple concurrent transfers in the
future.

The transfer phase is handled by the
sending and receiving MPCs and their
DMA controllers. Neither host CPU is
involved in the transfer, and each may
be processing other tasks during the
transfer. At the sending agent, the
transfer phase is slightly overlapped
with the negotiation phase. As soon as
the buffer request packet is sent error-
free on the iPSB bus, the sending MPC
pre-fetches up to two packets of data
and prepares for transmission. Upon
receiving the buffer grant and storing
the necessary parameters, the data
packet transfer is initiated. Data
packets are then sent on the iPSB bus
using full bandwidth block transfers, at
intervals defined by the duty cycle
parameters, until the transfer is
complete. The end of transfer is
signaled to the receiving MPC by the
last data packet. A solicited transfer
may consist of from one to 32 packets.
Packets are bound to 32 bytes plus
header, with total transfers limited to 16
Mbytes.

Atthe receiving agent, the transfer
phase begins after a buffer grant packet
has been sent error-free on the iPSB
bus. The receiving MPC then detects

data packets, verifies the liaison ID, and
stores the data. If the solicited input
channel is not active (e.g., due to local
cancel) or the liaison ID does not match,
an agent error is signaled on the iPSB
bus. Errors during the transfer phase
are rare. Flow control using the duty
cycle parameter prevents NACK
problems, and the receiver has
responded with a buffer grant
guaranteeing its existence and ability to
perform the transfer. In the rare case
that an error does occur, the MPC
provides a retry algorithm for NACKs
and reports exceptions or other agent
errors immediately. The error is signaled
to the host CPU by entering the
completion phase. Errors generate an
interrupt and provide error status.

The completion phase consists of a
signal from the MPC to its corresponding
host CPU. The signal consists of an
interrupt followed by a series of register
operations on the local bus. In all cases,
the completion operation clears all
states associated with the solicited
operation in the MPC, allowing another
operation to be initiated.

The MPC guarantees fail-safe operation
for all aspects of the solicited message
transfer, assuming the bus clock
remains active ( if the bus clock fails, all
transfers cease, eliminating the need for
recovery). This capability is provided by
the error detection and reporting already
discussed for bus-related problems and
by two fail-safe counters that protect
against fatal hardware or software errors
on the sending or receiving agents.
Recovery is provided to free a solicited
message resouce that would otherwise
be tied up indefinitely, which eliminates
the need for afail-safe software timer.

It is important to note that the fail-safe
counters are not intended for normal
flow control. If a receiving host CPU
accumulates a significant queue of
buffer requests from its MPC, it should
use unsolicited messages (and possibly
rejects) to free channels in the system
for other uses. The fail-safe counters
are only intended to replace the need for
a software timer to recover from
otherwise fatal hardware and software
errors.

For a more comprehensive explanation
of the MPC function, please refer to the
Intel document, Multibus Il Message
Passing Coprocessor External Product
Specification ( Engineering Document
Number: 149300-001).
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PIN DIAGRAM
Ceramic Pin Grid Array (PGA)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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B @4 @147 (@144 @142 @139 (@136 (0)135 (0)128 @124 @122 @119 @116 @114 @110 (@107
BE3* vss VS$S D0 Vvec Dis  Di8 D2t D24 VSS  IAD3  IAD4  IWR*
c (OX @3 @149 @146 @1 @137 @13t (@130 (@127 @128 @117 (@113 (©) 108 (B)106 (0)103
BE2' A3 vee vss VCC  IADI  1AD2  IRD*
D ©9 ©s @2 ©1 (132 (@112 (@108 (o)104 (0)102
REGSEL' BE1*  BEO* IADO  IAST  IREQ"
E ONOINOL © 105 (@101 (0)100
IDREQ MEMSEL® IOSEL* VSS  BADO* BADI*
F @15 @1 @1 @9 ©@n (@©@wn
ODREQ IDACK* ODACK® BAD2* BAD3* BAD4'
G @18 @13 @1 @« @9 @
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H @18 @17 @19 TOP VIEW ©@n @9 @9«
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J @2 @2 @2 @ @ (©@wn
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K @2 @22 @ @8 @8 (@
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SIGNAL DESCRIPTIONS

The MPC signals can be classified into five interface groups: the iPSB bus, the dual-port RAM, the local bus, the interconnect
bus and power/ground. This table describes the individual signals for each of these interfaces.

Signal Pin Signal
Name Number Description
BREQ* 48 The bus request is a bidirectional, open-drain signal with high current drive. It connects directly

tothe iPSB bus. As aninput, it indicates that there are agents awaiting access to the bus. In fair
access mode, this inhibits the MPC from activating its own request. As an output this signal is used

non

to request bus access. Further details can be found in the iF3B bus specification.

ARBO*, 44,41,46,42, The arbitration signals are bidirectional, open drain signals with high current drive. They connect

ARB1*, 45,43 directly to the iPSB bus.These signals are used during normal operation to identify the mode and
ARB2*, arbitration ID of an agent during arbitration cycles. During system initialization (while reset is active)
ARB3*, these signals are used to initialize slot and arbitration IDs. Further details are available in the iPSB
ARB4*, bus specification.
ARB5*
BADO*- See Table The address/data signals are bidirectional lines that connect to the iPSB bus AD* signals through
BAD31* 74F245 or equivalent transceivers. Further details are available in the iPSB bus specification.
BAD31*| BAD30*| BAD29*| BAD28*| BAD27*| BAD26*| BAD25*| BAD24*
63 64 66 67 71 68 69 70
BAD23*| BAD22*| BAD21*| BAD20*| BAD19*| BAD18*| BAD17*| BADi6*
72 73 78 81 77 83 79 76
BAD15*| BAD14*| BAD13*| BAD12*| BAD11*| BAD10*| BAD9* BAD8*
86 82 80 89 85 90 87 88
BAD7* BAD6* BAD5* BAD4* BAD3* BAD2* BAD1* BADO*
92 91 93 95 97 94 96 98
BPARO*, 62,61,59,60  The byte parity signals are bidirectional lines that connect to the iPSB bus PAR* signals through
BPAR1*, a 74F245 or equivalent transceiver. These signals are used to receive byte parity for incoming
BPAR2*, operations and to drive byte parity for outgoing operations. The MPC is responsible for parity
BPAR3* generation and checking even if the address/data signals are driven from another source (e.g., dual-
port memory data, address for reference, etc.). Further details are available inthe iPSB bus
specification.
ADDIR 52 The AD direction signal is an output used to control the direction of the 74F245 or equivalent

transceivers for the BADO* thru BAD31* and BPARO* thru BPAR3* signals. Activating this signal
drives data to the iPSB bus.

REFADR* 51 The reference address signal is an output from the MPC used to enable external address buffers for
memory and l/O reference operations. Activating this signal drives the reference address onto the
BAD"* bus.

SCDIRO, 32,40 The control/handshake direction signals are outputs used to control the direction of the 74F245 or

SCDIR1 equivalent transceivers for the BSC* signals. The SCDIRO signal is used for BSC0* - BSC3* and
BSC9". The SCDIR1 signal is used for BSC4* - BSC8*. Activating these signals drives datato the
iPSB bus.

BSCO*- See Table The control/handshake signals are bidirectional lines that connect to iPSB bus SC* signals through

BSC9* 74F245 or equivalent transcievers. Details on the operation of these signals are available in the

iPSB bus specification.

BSC9* BSC8*

29 37
BSC7* BSCé* BSC5* BSC4* BSC3* BSC2* BSC1* BSCO*
36 33 35 34 30 28 31 27

3-59



“ VL82C389 pRELIMINARY

SIGNAL DESCRIPTIONS (cont)

Signal
Name

Pin
Number

Signal
Description

BBCLK

TIMOUT

LACHN

RESET

BUSERR*

RSTNC*

SEL*

COoMm*

ERR*

DO - D31

55

53

54

58

50

49

26

31

24

See Table

The bus clock input signal is a buffered version of the iPSB bus BCLK* signal. It is assumed that a
74AS1804A or equivalent buffer is used. This clock is used for all synchronous internal MPC timing.

The time out input signal is used to detect a time out condition signalled by the CSM. This signal is
connected to the iPSB bus through a 74AS1804A or equivalent buffer.

The latch signal is an input used during initialization of slot and arbitration IDs. When the RESET
signal is active, this signal indicates when slot and arbitration IDs are available. This signal is
connected to the iPSB bus through a 74AS1804A or equivalent buffer. Further details on
initialization are available in the iPSB bus specification.

The reset signal is an input used to put the MPC in a known state. Only the parts of the MPC
involved with initialization of slot and arbitration IDs remain unaffected. This signal is buffered from
the iPSB bus by a 74AS1804A or equivalent buffer connected to the RST* signal.

The bus error signal is a bidirectional, open-drain line with high current drive. It connects directly
tothe iPSB bus. As aninput, it is used to detect bus errors signalled by other agents. As an output
it is used to signal parity errors detected on either the AD* or SC* signal lines, handshake protocol
violations, or for extending exception recovery of a replier.

The reset not complete signal is a bidirectional, open-drain line with high current drive. It connects
directly to the iPSB bus. As an input, this signal inhibits the MPC from initiating iPSB bus
operations. As an output it is used to prevent iPSB bus operation until an agent is finished with on-
board initialization. This signal is activated by the RESET signal going active. It is deactivated by
the interconnected microcontroller after the RESET signal is deactivated and initialization is
complete.

The SEL* signal is activated by the MPC to indicate a dual-port access. This signalis used to
initiate the dual-port operation and may be used to enable the dual-port data buffers onto the BAD*
bus.  When the MPC completes the iPSB bus handshake on the iPSB bus, or an exception is
detected, this signal deactivates.

The COM* signal is activated by the dual-port memory controller to indicate it is ready to complete
the operation. This signal is assumed to be synchronous to the bus clock. The MPC activates
replier ready on the iPSB bus on the next bus clock. This signal may not be deactivated until the
EOT handshake is complete on the iPSB bus.

The ERR" signal is activated by the dual-port memory controller to signal a memory data parity error.
It must be stable at all times when the COM* signal is active. The MPC responds to this signal by
completing the replier handshake on the iPSB bus using a "data error" agent error code. This signal
may be asynchronous to the bus clock since it is qualified by the COM* signal.

The data bus is a bidirectional group of signals used to transfer data between the host CPU and the
MPC. Control is provided to allow operation of this bus with 8-, 16-, or 32-bit processors.

D31 - D30 D29 D28 D27 D26 D25 D24
115 118 114 120 116 121 119 117
D23 D22 D21 D20 D19 D18 D17 D16
126 122 128 125 124 127 129 128
D15 D14 D13 D12 D11 D10 D9 D8

130 133 135 134 136 137 138 139
D7 Deé D5 D4 D3 D2 D1 Do

141 142 146 143 144 145 147 148

3-60



PRELIMINARY VL82C389

SIGNAL DESCRIPTIONS (cont)

Signal Pin Signal
Name Number Description
A2, 2,5,3,4 The address inputs are used to identify MPC registers for message and interconnect space
A3, operations. Note that AQ and A1 are omitted to provide a consistent register address for all data bus
A4, width options. These signals are qualified by commands (e.g. RD* or WR*) inthe MPC and therefore
A5 may glitch outside the specified set-up and hold window.
BEO*, 6,8,9,7 The byte enable input signals are used to identify the valid bytes and for data path control during
BE1* memoary and YO reference operations. Only combinations supported by the iPSB bus specification
BE2*, are valid. These are summarized in the table below. Values not shown are illegal and may result in
BE3* unpredictable results. These signals are qualified by commands (e.g. RD* or WR*) in the MPC and
therefore may glitch outside the specified set-up and hold window.
Operation with 32-bit local buses requires all byte enable and data signals to be used. For 16-bit
local buses, the BE3* and BE2" signals are held inactive and only D15-DO0 are used. For all cases
aread operation enables all 32 data signals, even if all byte enables are inactive. For 8-bit local bus
operations BE3" is held active, BE2* is held inactive, BE1* is connected to A0*, and BEO* is
connected to AO. This mode uses only D7-D0.
LOCAL BUS iPSB BUS
BE3*| BE2* | BE1* | BEO* | D31- |D23- | D15- | D7 - |AD31-| AD23-|AD15-| AD7-
D24 | D16 | D8 DO |AD24 |AD16 |AD8 | ADO
L L L L V3 V2 \"l Vo V3 V2 Vi1 Vo
L L L H V3 V2 Vi X V3 V2 \"al X
H L L L X V2 Vi Vo X V2 Vi Vo
L L H H V3 V2 X X X X V3 V2
H L L H X V2 \al X X v2 Vi X
H H L L X X \"Al Vo X X Vi1 Vo
L H H H V3 X X X X X V3 X
H L H H X ' X X X X X V2
H H L H X X Vi X X X V1 X
H H H L X X X Vo X X X Vo
L H L H X X X Vo X X Vo X
L H L H X X X Vo X X X Vo
L- Electripal LOW State (Active) For References Only
H - Electrical HIGH State (Inactive)
Vx - Valid Data Bytes
X - Active Bytes With Undefined Data
MEMSEL* 11 The memory select input signal is used to idenfity a memory reference operation to the iPSB bus. It
is qualified by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside the
specified set-up and hold window.
IOSEL* 10 The I/0 select input signal is used to identify an I/O reference operation to iPSB bus. It is qualified
by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside the specified set-up
and hold window.
REGSEL* 12 The register select input signal is used to identify operations to internal MPC registers used to
perform message and interconnect space operations. This signal is qualified by commands (e.g.,
RD* or WR*) in the MPC and therefore may glitch outside the specified set-up and hold window.
LOCK* 23 The lock signal is an input to the MPC that allows back-to-back operations to be performed on the

iPSB bus or to local interconnect space. When lock is asserted, any resource accessed by the
operation (iPSB bus or local interconnect space) is locked until the LOCK* signal is deactivated.
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SIGNAL DESCRIPTIONS (cent)

Signal
Name

Pin
Number

Signal
Description

RD*
WR*
WAIT*
MINT
EINT
ODREQ

IDREQ

ODACK*

the
IDACK*

IADO-IAD7

IREQ*
IAST

IRD*

IWR*

18

17

19

21

22

16

15

14

13

See Table

100

101

102

103

The read input signal is activated to initiate a read operation. This signal must provide clean
transitions.

“The write input signal is activated to initiate a write operation. This signal must provide clean

transitions.

" The wait signal is driven by the MPC to hold up a transfer operation. This signal will be used by the

MPC for all accesses that require synchronization to another resource. When used, it is activated
by acommand going active and deactivated when the accessed resource is ready to complete the
requested operation.

The message interrupt output signal is used for all message-related signalling to the host CPU. This
includes arrival of an unsolicited message, completion of a solicited transfer, error on message
transfer, etc.

The error interrupt output signal is used to signal all errors related to memory, I/O or interconnect
space operations. Internal registers in the MPC provide exact details of the error via interconnect
space. (Even though this is a local bus signal it will be discussed with the interconnect bus signals
for simplicity in future sections.)

The output channel DMA request signal is generated by the MPC to enable DMA transfer of datato
the MPC (e.g., output to the iPSB bus).

The input channel DMA request signal is generated by the MPC to enable DMA transfer of data from
the MPC (e.g., input from the iPSB bus).

The output channel DMA acknowledge input signal is activated to perform a DMA data transfer to the
MPC. Itis qualified by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside
specified set up and hold window.

The input channel DMA acknowledge input signal is activated to perform a DMA data transfer from
the MPC. lt is qualified by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside
the specified set-up and hold window.

The interconnect address/data bus is a multiplexed bus designed to directly interfaceto a
microcontroller. In addition to the MPC, other interconnect registers can be connected to this bus.

IAD7 IAD6 1AD5 IAD4 IAD3 1AD2 IAD1 IADO
11 107 110 106 109 104 108 105

The interconnect request signal is generated by the MPC when an interconnect operation has been
requested either from the local bus or from the iPSB bus. This signal remains active until the
microcontroller performs arbitration.

The interconnect address strobe signal is an input to the MPC used to indicate that a valid address
is on the interconnect bus.This signal may be directly connected to the ALE output of most
microcontrollers. This signal must provide clean transitions.

The interconnect bus read signal is an input to the MPC. This signal is used to perform a read
operation to one of the MPC interconnect interface registers. This signal must provide clean
transitions. When this signal is activated in conjunction with the IWR* signal, all MPC outputs are
disabled.

The interconnect bus write signal is an input to the MPC. This signal is used to perform a write
operation to one of the MPC interconnect interface registers. This signal must provide clean
transitions. When this signal is activated in conjunction with the IRD* signal, all MPC outputs are
disabled.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses above those listed under operational sections of this

Temperature -10°Ct0+80°C "Absolute Maximum Ratings” may cause specification is not implied and

Storage Temperature - 65°C to +150°C permanent damage to the device. These exposure to absolute maximum rating
are stress ratings only. Functional conditions for extended periods may

Supply Voltage to operation of this device at these or other affect device reliablity.

Ground Potential -0.5V10+7.0V onditions above those indicated in the

Applied Output

Voltage -0.3Vto VCC+05V

Appiied Input

Voltage -0.5Vto VCC +0.5V

DC CHARACTERISTICS TA =0°C to + 70°C, VCC = 5 V+ 5%

Symbol Parameter Min Max Units Test Conditions

VIL Input LOW Voltage -05 0.8 Vv

VIH Input HIGH Voltage 2.0 VCC+0.5

Output LOW Open Drain 0.55 " IOL Max
Yot Votage All Others 0.45 v IOL Max
VOH Output HIGH Voltage 24 " IOH Max
Input Leakage Open Drain - + 400 HA 0<VINSVCC

] Current BBCLK - +£100 HA 0<VINSVCC
All Others - +10 HA 0<VIN<VCC
Open Drain 60.0 - mA VOL=0.55V

1oL 83:?:,:1LOW gggﬁg;’]" 8.0 - mA | VOL=045V
All Others 4.0 - mA VOL =0.45V

IOH Output HIGH Current -1.0 - VOH =24V

ICC Operating Supply Current - 400 mA

CAPACITANCE 1A = +25°C, FC = 1 MHz ( Note 1)

Symbol Parameter Min Max Units Test Conditions

Cl Input Capacitance BBCLK _ I il
All Others - 10 pF

Clo 1/O Capacitance - 20 pF

CcoC Output Capacitance - 20 pF

Notes:

1. Periodically sampled as opposed to 100% tested.
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AC CHARACTERISTICS TA=0°C to +70°C, VCC =5V + 5%

Symbol Parameter Min Max Units Test Conditions
1 Address and BE* Set-Up To Command Active 30 - ns
Select and DACK Set-Up To Command Active 24 - ns
T2 Address, BEn*, Select*, and DACK* Hold 10 - ns
From Command Active
T3 Command Inactive 35 - ns
T4 Command Inactive To Read DataDisable - 24 ns
(Note 6)
T5 Read Data Hold From CommandInactive 3 - ns
T6 Read Data Enable From Command Active 0 - ns
T7 WAIT* Active From Command Active - 35 ns CL=50pF
T8 Command Inactive From WAIT* Inactive 0 - ns
T9 WAIT* Inactive To Read Data Valid - 50 ns CL = 150 pF
T10 Command Active To Write Data Valid - 200 ns
T Write Data Hold From WAIT* Inactive 0 - ns
T12 Command Active To LOCK* Active (Note 2) - 100 ns
T13 LOCK* Hold From WAIT* Inactive (Note 3) 0 - ns
T14 Command Active 70 - ns
T15 Read Data Valid From Command Active - 60 ns CL = 150 pF
Ti6 Write Data Set-Up To Registers 35 - ns
Command Inactive DMA o5 _ ns
T17 Write Data Hold From Command Inactive 5 - ns
T8 Command Active To MINT Or DREQ Inactive - 70 ns CL =50 pF
(Note 4,5)
T19 Command Active To DREQ* Inactive (Note 5) - 45 ns CL =50 pF
AC TEST CONDITIONS AC TEST LOAD CIRCUIT

DEVICE
UNDER
TEST

04V

INPUT WAVEFORM TEST POINTS
(1.4 VLEVEL FORBBCLKONLY))

Notes:

2. Required to guarantee locking of resource.

3. Required to guarantee resource remains locked.

4. MINT deassertion only if no other sources are pending.

5. For DREQ inactive timing, T19 applies to a normal last transfer deassert condition and T18 to an error deassert condition.
6. Disable condition occurs when the output current becomes less than the input leakage specification.
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il '"‘

TIMING DIAGRAMS

FIGURE 1 LOCAL BUS REFERENCE

BE3* - BEO"
MEMSEL",
IOSEL*,
REGSEL",

™

A5-AZ

14— 11—}

T2—P|

RD* OR WR*

T3

T7

WAIT*

T4

T6

D31 -DO
(OUTPUTS OF MPC)

l§——— T10

D31 -DO
(INPUTS TO

MPC)

— T12

LOCK*

FIGURE 2. LOCAL BUS REGISTER AND DMA OPERATIONS

BE3* - BEO*
REGSEL",

A5 - A2,

IDACK*, ODACK*

1 —

Q—Tz—;l/

RD* OR WR*

l@§— T3

&4

T14

YA A
N

>

T15

4— T4

D31-D0
(OUTPUTS OF MPC)

Te —P»

VALID

T16 »

D31-D0
(INPUTS TO

VALID

MPC)

MINT,
IDREQ, ODREQ

4 T17

«— 5 —p
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AC CHARACTERISTICS TA = 0°C to +70°C, VCC = 5 V +5%

Symbol Parameter Min Max Units Test Conditions

T31 IAST Active 85 - ns

T32 Command Active 250 - ns

T33 Command Inactive To IAST Active 25 - ns

T33A IAST Inactive To Command Active 120 - ns

T34 Address Set-Up To IAST Inactive 40 - ns

T35 Address Hold From IAST Inactive 20 - ns

T36 Write Data Set-Up To Command Inactive 120 - ns

T37 Write Data Hold From Command Inactive 5 - ns

T38 Read Data Enable From Command Active 0 - ns

T39 Read Data Valid From Command Active | - 120 ns CL = 150 pF

T40 Read Data Hold From Command Inactive 0 - ns

T41 Read Data Disable From Command Inactive - 30 ns
( Note 8)

T42 EINT, IREQ* Inactive From CommandActive - 100 ns CL=50pF
(Note 7)

TIMING DIAGRAM
FIGURE 3. INTERCONNECT BUS

131 ——P»
-
IAST &c
l§— T33A T32 > T33
IRD* OR IWR* - T41 —P
T34—P [ @—T35 136 —P» T37
IAD7 - 1ADO
(INPUTS TO ADDRESS VALID DATA VALID
MPC) ¢ T39 —P T40
IAD7 - 1ADO e
(OUTPUTS DATA VALID -;E'
FROM MPC) T3s—p
EINT
i T42
IREQ*
<4 T42
Notes:

7. EINT inactive only on write to error register. IREQ* inactive only on write to arbitration register.
8. Disable condition occurs when the output current becomes less than the input leakage specification.
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AC CHARACTERISTICS TA = 0°C to +70°C, VCC = 5 V +5%

Symbol Parameter Min Max Units Test Conditions
TCP Clock Period 99.9 - ns
TCL BCLK* LOW Time 40 - ns
TCH BCLK* HIGH Time 40 - ns
TBCL BBCLK LOW Time 38 - ns
TBCH BBCLK HIGH Time 38 - ns
TRB BCLK* Rise Time 1.0 5.0 ns
TFB BCLK* Fall Time 1.0 2.0 ns
TR BBCLK Rise Time 0.5 1.0 ns
TF BBCLK Fall Time 0.5 1.0 ns
TSK BCLK* To BBCLK Skew ( Note 9) -05 4.0 ns
e R s
ARBS5* - ARBO* (Note 10,11) - 36 ns CL = 500 pF
S 500 N N
TCD Clock To gzél;s: Bscer - 2 ne | Cb=S0eF
Output Delay [ s hiro, | HIGH ToLOW - 19 ns | CL=25pF
SCDIRT [} ow To HIGH - 21 ns | CL=25pF
ADDIR HIGH To LOW - 27 ns CL =50 pF
LOW To HIGH - 21 ns CL =50pF
REFADR* - 29 ns CL=75pF
SEL* - 29 ns CL =50pF
BREQ*, BUSERR*, RSTNC* 6.5 - ns
ARBS5* - ARBO* ( Note 11 ) 6.5 - ns
ST s o | - |
TH L‘,‘;’ﬂ'{;ﬂk BSC9* - BSCO* 4.0 - ns
SCDIRO, SCDIR1 4.0 - ns
ADDIR 5.0 - ns
REFADR* 4.0 - ns
SEL* 4.0 - ns
Notes:

9. The clock timings are provided to reference the MPC specification to the iPSB bus specifications. These specifications
assume a 74AS1804 or equivalent buffer.

10. The 500 pF load is a distributed value as defined in the iPSB bus specification. The open drain signals are designed such that
the output delay and bus loss meets the iPSB specification requirement. An appropriate test condition that correlates to the
distributed load will be determined during characterization.

11. The ARB5* ARBO* signal timings are with respect to the first and last clock of the arbitration period. Details can be found in the
iPSB bus specification. Also, the arbitration logic has been designed to meet the loop delay specification accounting for the
full path of input to output plus bus loss. An appropriate test condition will be determined during device characterization.
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AC CHARACTERISTICS TA = 0°C to +70°C, VCC = 5 V +5%

Symbol Parameter Min Max Units Test Conditions
BREQ*, BUSERR*, RSTNC* 6.5 - ns
Turn On Delay | ARB5” - ARBO* (Note 9) 6.5 - ns
TON
From Clock BAD31" - BADO", 50 e
(Note 12) BPARS3* - BPARO" : -
BSC9* - BSCO* 4.0 - ns
BREQ*, BUSERR*, RSTNC* - 36 ns
Turn Off Delay | ARBS* - ARBO* (Note 11) - 36 ns
TOFF
Fram Clock BADS31* - BADO", ns
(Note 13) BPARS" - BPARO* - 29
BSC9* - BSCO* - 29 ns
BREQ*, BUSERR", RSTNC* 22 - ns
ARBS5* - ARBO* (Note 11) 40 - ns
BAD31* - BADO
Input Set-Up N N 24 - ns
TsU To Clock BPAR3" - BPARO
BSC9* - BSCO* 24 - ns
TIMOUT, LACHN, RESET 24 - ns
COM*, ERR* 40 - ns
BREQ*, BUSERR*, RSTNC* 0 - ns
ARBS5" - ARBO* (Note 11) L ns
BAD31* - BADO*
Input Hold . . 3 - ns
TH From Clock BPARS" - BPARO
BSC9* - BSCO* - ns
TIMOUT, LACHN, RESET - ns
COM*, ERR* - ns
TIMING DIAGRAM
FIGURE 4. iPSB BUS
lq TCH TFB TRB
BCLK* | A~
(ONiPSB }
BUS) IQ—TSK TBCH ™ -
TBCL
BBCLK | !
i —— TCD —p»] [ §— TOFF
TON —» TH—»
OUTPUTS  Other Source >< VALID Other Source
TCP > TIH
INPUTS X[ VALD
[ 4— TSU—P»
Notes:

12. Minimum turn-on times are measured the same way as hold times. Specifically, the logic level driven by another device on the
previous clock cycle must not be disturbed.
13. Maximum turn-off times are measured to the condition where the output leakage current becomes less than the input leakage
specification,
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VL16160

"RASTER OP" GRAPHICS/BOOLEAN OPERATION ALU

FEATURES

* Provides hardware assist for bit-
mapped graphics operations. Includes
32-bit barrel shifter.

« Performance increase over software
implementations:
- Monochrome = 4 X Software
- Color = 4 X (Planes) X Software

- Supports both CRT dispiays and such
hardcopy devices as laser printers.

» Compatible with both monochrome and
color displays.

* Implements all 256 possible raster
operations on source, destination,
and pattern data.

« 28-pin package; 5V supply.

DESCRIPTION

The VL16160 Raster Op ALU (RALU)
provides hardware-assisted
performance enhancements for bit
manipulation operations used in bit-
mapped graphics displays. These
operations, commonly called Bit Block
Translation (BITBLT), allow bit-mapped
images to be combined and manipulated
by logical operators. These operators
include AND, OR, and XOR, and can be
used on source, destination, and

pattern data. Additionally, support for
masking with multiple mask registers for
clipping is included.

The BITBLT operation is general
purpose enough to be used in a wide
range of graphics operations, including
text display using arbitrary fonts,

attributes, and enhancements.
Successive applications of BITBLTs
can perform such operations as scaling,
filling, rotations, and texturing.

In atypical application, the RALU
operates on display data in 16-bit words
that are latched into its input buffers by
externai hardware. Once source,
destination, pattern, shift, and masking
data are loaded into the RALU, the
source data is bit-aligned with the
destination data and the logical
operation specified in the function
register takes place. The results are
stored in the ALU Output Register,
which can be output onto the bus by a
single strobe signal.

PIN DIAGRAM

VL16160
amdt ~ 28pvce
Al Q2 27 0 RD
A2 03 26 0 WR
A3 [ 4 25 [ TDst
CsQs 24 1 [Sstb
Do 6 23 1 AOsth
D1 Q7 22 0 D15
D28 21 [ D14
D3 Q9 20 1 D13
D4 [] 10 19 1 D12
D5 ] 11 18 1 D11
D6 [ 12 17 01 D10
D7 [ 13 16 0 D9
GND [ 14 150 D8

BLOCK DIAGRAM

15

15 0
33 SOURCE 1 }‘:.|
v

0 15 0
SOURCE 2 ]‘——‘l .e o|D|R]o OISHIFT|
! |

4
( 32-BIT BARREL SHIFTER e 2
15 0 8 0
PATTERN ‘—| FUNCTION REG |
15 0
DB DESTINATION MASK LUOUTPLT RES le—sio
sto MUX

MASK  OP=WIDTH

ENABLE

LOGIC 0OP=0
15 0

OP COUNTER

ORDER INFORMATION

Part

Number Package

VL16160PC Plastic DIP

VL16160CC Ceramic DIP

VL16160QC Plastic Leaded Chip Carrier (PLCC)
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FIGURE 1. TYPICAL APPLICATION

SHIFT REG

ADDR ([))SCODE _lﬁ._’ VL16160
STATE MACHINE RALU RASTER
DATA BUS OPERATION!H!
| 1 DISPLAY abcdefghijkimn
' MEMORY
ADDRESS BUS @) O
| >
CPU SYSTEM MEM
6845 CRTC

SIGNAL DESCRIPTIONS

Signal Pin Signal

Name Number Description

Do-D15 6-15 Bidirectional data lines; input enabled by CS and WR. Input data to Destination Register
must be stable relative to the trailing edge of LDstb. Output enabled by CS, RD, and A0-A3
or AOstb.

9§ 5 Chip Select ; Must be active to write to or read from internal registers.

RD 27 Read Enable; Input used to strobe any internal register data to the data bus pins. Must be
active in conjunction with CS.

WR 26 Write Enable; Input used to strobe data on data bus pins into the selected register. Must
be active in conjunction with CS.

A0-A3 1-4 Register Address; Address inputs that specify the internal chip register to be accessed
for a read or write operation.

AOstb 24 ALU Output Strobe; Input used to enable the output of the function decoder onto the data
bus pins. Cannot be active when CS and RD or WR are active.

LDstb 25 Load Destination Register Strobe; Input used to strobe the value (address) on the data
bus pins into the Destination Register. Value on A0-A3 need not be valid when LDstb is
used to load the Destination Register. The LDstb pin also decrements the op counter each
time it is pulsed.

LSstb 24 Load Source Register Strobe; Input used to strobe the value on the data bus into the
Source Register specified by the Direction Bit. The other Source Register is loaded with
the previous contents of the Source Register being loaded.

GND 14 Ground

vCC 28 +5V+5%
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VL16160 L

FUNCTIONAL

DESCRIPTION

The VL16160 consists of four basic
blocks: Source Shifter, Function
Decoder, Op Counter, and the Register
set. The internal data bus is 16 bits
wide, enabling all internal registers to be
accessed easily from the I/O bus for
context saving and restoring. In

data from the Source Registers and
shifts the data to be aligned with the
data in the Destination and Pattern
Registers. The Function Decoder then
performs a 16-bit Boolean operation as
specified by the Function Register with
the data extracted from the Source
Registers and the data in the
Destination and Pattern Registers. The
result of the Boolean operation is
available on the external /O bus when
the AOstb signal is strobed and can
easily be written back into display
memory. The Op counter and
associated registers provide the
support for clipping operations as
required by the application.

SOURCE SHIFTER

The Source Shifter performs bit
alignment on the concatenated 32 bits
of data in the Source 1 and Source 2
Registers. The amount of bit alignment
performed is based upon the value in the
Shift Value Register. Thus, when LSstb
is strobed, the Source Shifter extracts
16 contiguous bits from the 32 bits of
datain the Source 1 and Source 2
registers as follows:

1. Ilfthe low order four bits of the Shift
Value Register have a non-zero
value, that value specifies the shift
count by which the 16-bit field to be
extracted is offset from bit 0 of the
concatenated source registers, as
shown in figure 2. The result is
passed on to the Function Decoder.

2. If the low-order four bits of the Shift
Value Register is 0, the contents of
either Source 1 or Source 2 are
passed directly to the Function
Decoder and no shifting occurs. The
direction bit indicates which source
register is used in the operation, as
shown in figure 2.

FUNCTION DECODER

The Function Decoder performs a

Boolean operation on the contents of
the Destination Register, Pattern
Register, and the output of Source
Shifter. The Boolean operation is
specified by the Function Register. With
the three operands, 256 different
Boolean operations are possible. The
result of the operation is available on the
1/0 bus when the AOstb control signal is
active. AOstb signal cannot be active at
the same time that CS and RD or WR are
active. The result of the Boolean
operation is also available by reading
the ALU Output Register.

To understand how the Function
Decoder performs the desired Boolean
operation, note again that with three
operands, (data in the Source, Pattern
and Destination Registers), a total of
256 different boolean operations is
possible. Out of these 256 possible
operations, the application defines
which are needed to perform the desired
task.

For example (see figure 3), to "paint” a
new image over an existing image
requires the source data (image) to be
ORed with the destination data (image).
This means "Source Register or
Destination Register". For each bit,
there are four possible results of this
operation between these two registers.
However, since the Pattern Register is
always included, even when it is a "don't
care," atotal of eight different possible
results of this one Boolean operation is
possible. These eight combinations
define the "function code" for the OR
operation. Thus, the function code is
really defined as the result (and the only
result possible) of a Boolean
combination of the Source, Destination,
and Pattern Registers. In using the
VL16160, the application defines which
of the 256 possible Boolean
combinations of the Source, Destination
and Pattern Registers define those
"functions" required of the application,
and when that "function” is required, the
corresponding function code is loaded
into the Function Register.

in principal, the Function Decoder
operates on a bit-by-bit basis as a 1-of-8
data selector with each data bit in the
Source, Destination, and Pattern

Registers selecting one of eight bits of
data from the Function Register.

The function codes required of an
application are determined ahead of time
by the user and stored in memory to be
used as needed. The determination of
the correct function code is a matter of
simply applying the definitions stated
above (see figure 3}, in a simple methcd.
The truth table for Pattern, Source, and
Destination bits is written, with the
desired output. This desired output is
read as the desired value of the
Function Register, withthe least
significant bit as shown in figure 3.

Using this method, the software
engineer can easily define a pattern to
suit each specific need.

OP COUNTER

The Op Counter, in conjunction with the
Width and Mask Registers, provides for
masking of selected bits in the
Destination Register. This masking
prevents the VL16160 from modifying
selected areas of display memory when
petforming BITBLTs. For example,
clipping may be required at the edges of
a window. The function of the Op
Counter is to keep track of the beginning
and end of each row, so that the mask
registers can handle this clipping
automatically, without additional
processor intervention.

The Op Counter must be correctly
initialized prior to the beginning of a
raster operation. The enabling of
masking is internally clocked by the
LDstb signal. For this reason, after
loading the Op counter with an initial
value, [Dstb must be pulsed before the
LSstb of the first operation. Since this
LDstb will decrement the Op Counter, it
is necessary to increment the Op
Counter to be one more than the
intended value, so that this "dummy"”
LDstb starts out the BITBLT with the
correct Op Counter value. This "dummy"
LDstb does have to be repeated
between scanlines, as the masking
remains enabled. If context switching is
utilized, however, reinitialization (with
the loading of Op Counter and
subsequent LDstb) is necessary before
leaving a context, or upon re-entering
one, in the middle of a BITBLT.
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REGISTER DESCRIPTION

As shown in the block diagram, the
RALU consists of a number of registers,
each connected to the internal 16-bit
data path. Of these registers, three are
used very often and are directly
accessible from the data bus by the
assertion of strobe signals.

SOURCE

The Source Register holds a 16-bit word
of data to be modified by a raster
operation. ltis loaded from the data bus
by the assertion of the LSstb signal.

DESTINATION

The Destination Register holds a word of
data from the bit-mapped display that

is modified by the source data and

raster operation. It is loaded from the
data bus by the assertion of the LDstb
signal.

ALU OUTPUT

The ALU Output Register holds the
result of the raster operation to be
written back to memory. The contents
may be put onto the data bus by the
assertion of the AOstb signal.

The remainder of the registers are
typically set up for a series of

operations and are not changed until the
end of a scan line.

DIR / SHIFT

This register controls the direction of the
raster operation (left-to-right or right-to-
left). In addition, it specifies the number
of bits to shift to align the source with
the destination fields.

MASK 1 and 2

These registers are used to define the
left and right boundaries of the areaon
the screen that is manipulated. (The
direction bit affects which register
corresponds to left vs. right). A bit set
in these registers allows the
corresponding bit in the Destination
Register to pass through unaltered.
When the Op Counter is equal to the
Width Register (usually for the first
raster operation on each scan line), the
Mask 1 Register selects bits to be
included in the operation. Masking is
disabled until the Op Counter is zero
(usually for the last operation on a scan
line); at that time, the Mask 2 register is
used.

PATTERN

This register contains datato be
combined with the output of the bit-
shifted source register. This is
commonly used for enhancing animage
with abackground pattern.

FUNCTION

This register contains the operator
that is used to combine the source,
destination, and pattern data.

OP COUNTER

The Op Counter Register specifies the
current count of the operation in
progress. The Op Counter is
decremented each time LDstb is brought
active. After the Op counter goes to
zero, the next LDstb causes the Op

counter to be reloaded with the value of
the Width register prior to the next
operation. The Op counter can be set to
the value of the Width Register at the
start of a raster operation by beginning
an operation with a "dummy" LDstb. This
loads the Op counter in preparation for
the first scan line.

WIDTH

The Width Register specifies the width
of the line (in 16-bit words) on which
raster operations will take place.

FLAG REGISTER

The Flag Register is uncommitted and
can be used to temporarily store context
information for multi-tasking
implementations.

FIGURE 3. SHIFTING AND DIRECTION
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SOURCE 2 I DIRECTION = 1

0 Destination Register

1 Source 1 Register

2 Source 2 Register

3 Pattern Register

4 Mask 1 Register

5 Mask 2 Register

6 Shift Value Register

7 Function Register

8 Width Register

9 Operation Count
Register

REGISTER MAP

10 ALU Output Register

" Reserved
12 Reserved
13 Reserved
14 Reserved

15 Flag Register
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FIGURE 3. RASTER OPERATIONS EXAMPLE

&/F

Source Memory ALy &E‘
; e~ J
_ﬂ/ Destination (new)

Function = OR Operation

Pattern (Pattern not used)
Destination (old)

Pattn Source Dest | Funct Enample Pattn Source Dest | Funct Example

o 0 o | o |MSB 0 0 0o | o |MSB

0 1 1 \ / 1] o 1 1

0 1 1] 1 0 1 1] 1

0 1 1 0 1] 1 1 0

1 0 1] 0 1 0 L] 1

1 1] 1 1 1 1] 1 1

1 1 o |1 v 1 1 0 | 1

1 1 1 0 LSB 1 1 1 1

LSB

Source HOR Destination = 66 (hex) Source HOR Destination OR Pattern = F6 (hex)
Pattn Source Dest | Funct Example Pattn Source Dest | Funct Example

0 0 o [ o |MSB 0 0 0 0 MSB

0 0 1 1 \ 1} 0 1 1
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1 0 1] 0 1 0 0 1

1 1} 1 1 1 0 1 1

1 1 o | 1 v 1 1 0 1

1 1 1 1 LSB 1 1 1 1 LSB - Pattn
Source OR Destination = EE (hex) Source OR Destination OR Pattern = FE (hex)
Pattn Source Dest | Funct Exnample Pattn Source Dest | Funct Example
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0 0 1 1] \ / 1] o 1 0
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! ! T |isB ! ! VY | sB|  emmm -pettn
Source AND Destination = 88 (her) Source AND Destination OR Pattern = F8 (hex)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage -05Vto+7.0V
Input Voltage -0.5Vto+7.0V
Output Voltage -0.5Vto+7.0V

Operating Temperature 0°Cto +70°C
Storage Temperature -65 °Cto +150 °C
Lead Temperature (10 s.) 300°C
Junction Temperature 175°C

Stresses above those listed under
"Absolute Maximum Ratings" may
cause permanent damage to the

device. These are stress ratings only.

Functional operation of this device

under these or any other conditions
above those listed in this specification
is not implied. Exposure to absolute
maximum ratings conditions for
extended periods may affect device
reliability.

DC CHARACTERISTICS TA =0°C to +70°C, VCC=5V +0.25V

Symbol Parameter Min Typ | Max | Unit Conditions
VIH HIGH-Level Input Voltage 2.4 \"
VIL LOW:-Level Input Voltage 0.6 Vv
VOH HIGH-Level Output Voltage 24 \ VCC=Min; IOH=-400 pA
VOL LOW-Level Output Voltage 0.3 | 045 " VCC=Min; IOL=4.4 mA
I0H HIGH-Level Output Current -400 pA
1oL LOW-Level Output Current 4.4 mA
liL Input Leakage Current 10 pA | VI=045V
0.7V <Vo < Vcc 20
/o] 1/O Leakage Current
0.4V <Vo<Vce 100
ICC Power Supply Current at DC 120 mA | VCC=Max
CAPACITANCE TA=0°C to +70°C
Symbol | Parameter Min Typ Max | Unit Conditions
Cl/o 1/O Capacitance 15 pF
Cl Input Capacitance 6 15 pF
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AC TIMING CHARACTERISTICS TA =0°Cto +70°C,VCC =5V +0.25 V

Symbol Parameter Min Max Unit Conditions
tCSH TS, A0-A3 Hold After WR Active 20 ns
tRWW | WR, RD Signal Width 60 ns
tCSS TS, A0-A3 Setup to WR Inactive 0 ns
csv Data Valid After CS Active 120 ns
tRDV Data Valid After RD Active 120 ns
tRDH Data Valid After RD, CS Inactive 5 ns
tWRS Data SetumoWﬁ Inactive 50 ns
tWRH Data Hold After WR Inactive 30 ns
tILSW LSstb Pulse Width 60 ns
tNLS Time Between LSstb Pulses 0 ns
tSDV TSsth Inactive to Valid Data 120 ns
LSF LSstb Inactive to AOstb Active 30 ns
LDV TSstb Active to Valid Data 170 ns
tLDW LDstb Pulse Width 60 ns
tNLD Time Between LDstb Pulses 150 ns
tLDF LDstb Inactive to AOstb Active 20 ns
tLSS Data Setup to LSstb Inactive 20 ns
tLSH Data Hold after LSstb Inactive 25 ns
tLDS Data Setup to [Dstb Inactive 30 ns
tLDH Data Hold After LDstb Inactive 25 ns
tFOV Data Valid After AOstb Active 120 ns
tDDV Data Valid After Valid LDstb Data 140 ns
tFDV Bus High-Impedence After AOstb Inactive 40 ns
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FIGURE 4. REGISTER READ/WRITE TIMING
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FIGURE 5. SOURCE REGISTER AND ALU OUTPUT CONTROL SIGNAL TIMING
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VL1772-02

51/4 - INCH FLOPPY DISK CONTROLLER/FORMATTER
FEATURES

Built-in data separator

Built-in write precompensation

5 1/4-inch single and double density
Motor control

128, 256,512, or 1024 sector lengths

The drive side of the interface needs no
additional logic except for
buffers/receivers. Designed for 5 1/4-
inch single-or double-density operation,
the device contains a programmable
Motor On signal.

The VL1772-02 is implemented in NMOS

drives with data rates of 125K bits/s
(single density) and 250K bits/s (double
density). In addition, it can write a
precompensation that is125 ns from
nominal, and can be enabled at any
point through simple software
commands. Another programmable

+ TTL compatible silicon gate technology and is available feature, Motor On, has been
: 8-bit bidirectionai data bus in a 28-pin dual-in-line package. It is a incorporated to automatically enable
Fast step rates low-cost version of the WD179X Floppy the spmdle'motor prior to operating a
in DIP Disk Controller/Formatter and is selected drive. The VL1772-02 offers
2‘_"” in DI compatible with generic 179X types. It stepping rates of 2, 3, 6, and 12 ms.
Single 5 V power supply also has a built-in digital data separator The processor interface consists of an
and write precompensation circuits. A 8-bit bidirectional bus for transfer of
DESCRIPTION single read line (RD, pin 19) is the only status, data, and commands. All host

The VL1772-02 is a MOS/LSI device

input required to recover serial FM or

communication with the drive occurs

MFM data from the disk drive. The
device has been specifically designed

that performs the functions of a 5 1/4-
inch Floppy Disk Controller/Formatter. It

through these data lines. They are
capable of driving one standard TTL load

replaces the older 1770-type device. for control of 5 1/4-inch floppy disk or three LS loads.
PIN DIAGRAM BLOCK DIAGRAM ©AL
Y
+s8
VL1772-02 DATA OUT
BUFFERS
—— U | 4 |
cs O 28 [1 INTRQ [l ][] o szom, R | mimiska o)
RW [2 27 [J DRQ S »
A0 []3 26 [] DDEN ._| o8 ' -
Al E 4 25 j WPRi INTERNAL [« ! :
DALO []5 2417 P . 'TTTE_PI—@@
DAL1 [e 23 ] TROO [:cncme.c |PRECOMP| wo
DAL2 [7 22 [1 WD
DAL3 []8 21 [0 wa e ] e
DAL4 9 20 [ MO —= " cowruren -, O
DAL5 [110 19 [ RD —BAT__,! INTERFACE CONTROL, CONTROL  l¢CONTROL )] iNTERFACE [*
— A0, contRoL (240X 19) CONTROL STEP
DAL6 []11 18 [1 CLK —t orc 5
Y MO
pAL7 12 173 DIRC i —
MR []13 16 [ STEP
GND []14 15 [] vCC
ORDER INFORMATION
Part
Number Package
VL1772-02PC Plastic DIP
VL1772-02QC Plastic Leaded Chip Carrier
VL1772-02CC Ceramic DIP

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

DESCRIPTIONS

Signal Pin Signal

Name Number Description

[5] 1 Chip Select - A logic low on this input selects the chip and enables host communication

i with the device.

RW 2 Read/Write - A logic high on this input controls the placement of data on the D0-D7 lines
from a selected register, while a logic low causes a write operation to a selected register.

A0, A1 3,4 Address 0, 1 - These two inputs select a register to read or write data:
cs Al A0 RW =1 RW=0
0 0 0 Status Register Command Register
0 0 1 Track Register Track Register
0 1 0 Sector Register Sector Register
0 1 1 Data Register Data Register

DALO - DAL7 5-12 Data Access Lines 0 through 7 - Eight-bit bidirectional bus used for transfer of data,
control, or status. This bus is enabled by CS and RW. Each line drives one TTL load.

MR 13 Master Reset - A logic low pulse on this line resets the device and initializes the status
register (internal pull-up).

GND 14 Ground - Ground

VCC 15 Power Supply - +5 V 5% power supply input.

STEP 16 Step - The Step output contains a pulse for each step of the drive's R/W head. This is a
pulse to the disk drive.

DIRC 17 Direction - The Direction output is high when stepping in towards the center of the
diskette, and low when stepping out.

CLK 18 Clock - This input requires a free-running 50% duty cycle clock (for internal timing) at 8
MHz £1%.

RD 19 Read Data - This active-low input is the raw data line containing both clock and data
pulses from the drive.

MO 20 Motor On - Active high output used to enable the spindle motor prior to read, write, or
stepping operations.

WG 21 Write Gate - This output is made valid prior to writing on the diskette,

WD 22 Write Data - FM or MFM clock and data pulses are placed on this line to be written on the
diskette.

TROO 23 Track 00 - This active-low input informs the VL1772-02 that the drive's R/W heads are
positioned over Track zero (intemal pull-up).

P 24 Index Pulse - This active-low input informs the VL1772-02 when the physical index hole
has been encountered on the diskette (internal pull-up).

WPRT 25 Write Protect - This input is sampled whenever a Write Command is received. A logic low
on this line prevents any Write Command from executing (internal pull-up).

DDEN 26 Double Density Enable - This input pin selects either single (FM) or double (MFM) density.
When DDEN =0, double density is selected (internal pull-up).

DRQ 27 Data Request - This active-high output indicates that the Data Register is full (on a Read)
or empty (on a Write) operation.

INTRQ 28 Interrupt Request - This active-high output is set at the completion of any command or a
read of the Status Register.
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ARCHITECTURE
TheVL1772-02 Floppy Disk
Controller/Formatter block diagram is
illustrated on the front page. The
primary sections include the parallel
processor interface and the floppy disk
interface.

Data Shift Register - This 8-bit register
assembles serial data from the Read
Data input (RD) during read operations
and transfers seriai data to the Write
Data output during write operations.
Data Register - This 8-bit register is
used as a holding register during disk
read and write operations. In disk read
operations, the assembled data byte is
transferred in parallel to the Data
Register from the Data Shift Register. In
disk write operations, information is
transferred in parallel from the Data
Register to the Data Shift Register.

When executing the Seek command, the
Data Register holds the address of the
desired track position. This register is
loaded from the Data Access Lines
(DAL) and gated onto the DAL under
processor control.

Track Register - This 8-bit register holds
the track number of the current
read/write head position. It is
incremented by one every time the head
is stepped in and decremented by one
every time the head is stepped out

track number in the ID field during disk
read, write, and verify operations. The
Track Register can be loaded from or
transferred to the DAL. This register
should not be loaded when the device is
busy.

Sector Register (SR) - This 8-bit register
holds the address of the desired sector
position. The contents of the register
are compared with ine recorded sector
number in the ID field during disk read or
write operations. The Sector Register
contents can be loaded from or
transferred to the DAL. This register
should not be loaded when the device is
busy.

Command Register (CR) - This 8-bit
register holds the command presently
being executed. This register should
not be loaded when the device is busy,
unless the new command is a forced
interrupt. The Command Register can
be loaded from the DAL but not read
onto the DAL.

Status Register (STR) - This 8-bit
register holds device status information.
The meaning of the status bitsis a
function of the type of command
previously executed. This register can
be read onto the DAL but not loaded
from the DAL.

CRC Logic - This logic is used to check

polynomial is:
G(x) = x84 x12+ x5+ 1

The CRC includes all information starting
with the address mark and up to the CRC
characters. The CRC register is preset
to ones prior to data being shifted
through the circuit.

Arthmetic/Logic Unit (ALU) - The ALU is
a serial comparator, incrementer, and
decrementer and is used for register
modification and comparisons with the
disk-recorded ID field.

Timing and Control - All computer and
floppy disk interface controls are
generated through this logic. The
internal device timing is generated from
an external crystal clock. The VL1772-
02 has two different modes of operation
according to the state of DDEN: When
DDEN = 0, double density (MFM) is
enabled. When DDEN = 1, single
density is enabled.

Address Mark Detector - The AM
detector detects ID, data, and index
address marks during read and write
operations.

Data Separator - A digital data
separator, consisting of a ring shift
register and data window detection
logic, provides read data and a recovery

(towards Track 00). The contents of the or to generate the 16-bit cyclic clock to the AM detector.
register are compared with the recorded redundancy check (CRC). The
FIGURE 1. SYSTEM BLOCK DIAGRAM
WG
CLK WD
] E RD
5 1/4 INCH
HOST Ao FLOPPY
INTERFACE % VL1772-02
e B DRIVE
RAW ~ - TROO
™R - WPRT
MO
, DRo DIRC _
&!NTRQ STEP >
5V GND_VCC
£ sv
L ooen T
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FUNCTIONAL

DESCRIPTION

PROCESSOR INTERFACE

The interface to the processor is
accomplished through the eight data
access lines (DALs) and associated
control signals. The DALs are used to
transfer data, status, and control words
out of, orinto the VL1772-02. The DALs
are three-state buffers that are enabled
as output drivers when Chip Select (CS)
=0and RW = 1 are active, or act as
input receivers when CS and R’W = 0 are
active.

When transfer of data with the Floppy
Disk Controller is required by the host
processor, the device address is
decoded and CS is made low. The
address bits A1 and A0, combined with
the signal R/W during a read or write
operation, are interpreted as selecting
the following registers:

sector is reached.

On disk write operations, the Data
Request is activated when the Data
Register transfers its contents to the
Data Shift Register, and requires a new
data byte. It is reset when the Data
Register is loaded with new data by the
processor. If new data is not loaded at
the time the next serial byte is required
by the floppy disk, a byte of zeros is
written on the diskette and the Lost Data
bit is set in the Status Register.

At the completion of every command an
INTRQ is generated; it is reset by either
reading the status register or by loading
the command register with a new
command. In addition, INTRQ is
generated if a Force Interrupt command
condition is met.

A1 - A0| READ (R'W = 1)

WRITE RW = 0)

0 Status Register
0

Command Register

1
1

—_~O a0

Track Register
Sector Register
Data Register

Track Register
Sector Register
Data Register

After any register is written to, the same
register cannot be read from until 16 us
in MFM or 32 ps in FM have elapsed.

During direct memory access (DMA)
types of data transfers between the
Data Register of the VL1772-02 and the
processor, the Data Request (DRQ)
output is used in data transfer control.
This signal also appears as status bit 1
during read and write operations.

On disk read operations, the Data
Request is activated (set high) when an
assembled serial input byte is
transferred in parallel to the Data
Register. This bit is cleared when the
Data Register is read by the processor.
If the Data Register is read after one or
more characters are lost, by having new
data transferred into the register prior to
processor readout, the Lost Data bit is
set in the Status Register. The read
operation continues until the end of

The VL1772-02 has two modes of
operation, according to the state of
DDEN. When DDEN = 1, single density
is selected. In either case, the CLK
input is at 8 MHz.
GENERAL DISK READ
OPERATIONS
Sector lengths of 128, 256, 512, or 1024
bytes are obtainable in either FM or MFM
formats. For FM, DDEN should be
laced to logical "1". For MFM formats,
%UEN should be placed to a logical "0".

Sector lengths are determined at format
time by the fourth byte in the "ID" field.

There are from 0 to 244 sectors per
track for the VL1772-02, and from O to
244 tracks.

GENERAL DISK WRITE
OPERATION

When writing is to take place on the disk
the Write Gate (WG) output is
activated, allowing current to flow into
the read/write head. As a precaution to
erroneous writing, the first data byte
must be loaded into the Data Register in
response to a Data Request from the
device before the Write Gate signal can
be activated.

Writing is inhibited when the Write
Protect input is a logic low, in which
case any Write command is immediately
terminated, an interrupt is generated,
and the Write Protect status bit is set.

For write operations, the VL1772-02
provides Write Gate to enable a write
condition, and Write Data which
consists of a series of active-high
pulses. These pulses contain both
clock and data information in FM and
MFM. Write Data provides the unique
missing clock patterns for recording
address marks.

The Precompensation Enable bit in Write
commands allow automatic write
precompensation to take place. The
outgoing write data stream is delayed or
advanced from nominal by 187ns
according to the following table:

SECTOR LENGTH TABLE

SECTOR LENGTH

NUMBER OF BYTES

— Next Bit to be sent
Current Bit sending

PATTERN MFM FM
X{1]1]0 Early N/A
X{0o]|1]1 Late N/A
o001 Early N/A
1/]0j01]0 Late N/A

I I

T

FIELD (HEX) IN SECTOR (DECIMAL)
00 128
01 256
02 512
03 1024

Previous Bits sent

Precompensation is typically enabled on
the innermost tracks where bit shifts
usually occur and bit density is at its
maximum.
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COMMANDS

The VL1772-02 accepts eleven
commands. Command words should
only be loaded in the Command Register
when the Busy Status Bit is off (Status
Bit 0). The one exception is the Force
Interrupt command. Whenever a
command is being executed, the Busy
Status Bit is set. When acommand is
completed, an interrupt is generated and
ihie Busy status bit is reset. The Status
Register indicates whether the
completed command encountered an
error or was fault-free. For ease of
discussion, commands are divided into
four types and are summarized in
Table 1.

The Type | Commands (see Figure 2)
include the Restore, Seek, Step, Step-
in, and Step-out commands. Each of
the Type | Commands contains a rate
field (r0, r1), which determines the
stepping motor rate.

A4 ps (MFM) or 8 us (FM) pulse is
provided as an output to the drive. For
every step pulse issued, the drive

moves one track location in a direction
determined by the direction output. The
chip will step the drive in the same
direction it last stepped unless the
command changes the direction.

The Direction signal is active-high when
stepping in and low when stepping out.
The Direction signal is valid 24 us before
the first stepping pulse is generated.

After the iast directionai step, an
additional 30 ms of head settling time
takes place if the Verify flag is set in
Type | commands. There is also a 30 ms
head settling time if the E flag is set in
any Type llor Il command.

When a Seek, Step, or Restore
command is executed, an optional
verification of read/write head position
can be performed by setting bit2 (V = 1)
in the command word to logic 1. The
verification operation begins at the end
of the 30 ms settling time after the head
is loaded against the media. The track
number from the first encountered ID
Field is compared against the contents
of the Track Register. If the track

numbers compare and the ID Field cyclic
redundancy check (CRC) is correct, the
verify operation is complete and an
INTRQ is generated with no errors. If
there is a match but not a valid CRC, the
CRC Error Status Bit is set (Status Bit
3), and the next encountered ID field is
read from the disk for the verification
operation.

Thie VL1772-02 must find an iD fieid with
correct track number and correct CRC
within five revolutions of the media,
otherwise, the seek error is set and an
INTRQ s generated. If V=0, no
verification is performed.

All commands, except the Force
Interrupt command, may be programmed
via the h Flag to delay for spindle motor
start up time. Ifthe h Flag is not set and
the Motor On line is low when a
command is received, the VL1772-02
will force Motor On to a logic 1 and waits
six revolutions before executing the
command. At 300 RPM, this guarantees
a one-second spindle start-up time. If,
after finishing the command, the device

TABLE 1. COMMAND SUMMARY

c

1, Update Track Register

BITS
TYPECOMMAND 7 6 5 4 3 2 1 0 TYPE Il & Il COMMANDS
| Restore 0 00 0 h V nr m = Multiple Sector Flag (Bit 4)
| Seek 00 01 h Voo m = 0, Single Sector
| Step 00 1 uh Vi 1 m = 1, Multiple Sector
| Step-in 01 0 uhVoryr =1 P
I: gtep;ogt 2 3 (1) u Ir'll \é l; B) H = Motor On Flag (Bit 3)
ead Sector m
: H = 0, Enable Spin Up Sequence
I:: \Sggg Sector 1 0 1 m h E P a H = 1, Disable Spin Up Sequence
Address 110 0 h E 0 O ap = Data Address Mark (Bit 0)
Il Read Track 1 1 1 0 h E 0 0 a, = Write Normal Data Mark
il WriteTrack 1 1 1 1 h E P 0 a, = 1, Write Deleted Data Mark
IV Force
Interrupt 110 1 I3 b Iy o E = 15ms Settling Delay (Bit 2)
E = 0, No Delay
E = 1, Add 15ms Delay
FLAG SUMMARY P = Write Precompensation (Bit 1)
P = 0,Enable Write Precomp
TYPE | COMMANDS P = 1Disable Write Precomp
h = Motor On Flag (Bit 3)
h = 0, Enable Spin-up Sequence
h = 1, Disable Spin-up Sequence
V = Verify Flag (Bit 2) TYPE IV COMMANDS
V = 0, No Verify Iy-l, Interrupt Condition (Bits 3-0
V = 1, Verify on Destination Track sy Interrupt Condition (Bits 3-0)
r,, rp = Stepping Rate (Bits 1,0) lo = 1, Not Used
r o 177202 l; = 1, Not Used
0 0 8 ms I, = 1, Interrupt on Index Pulse
0 1 12 ms I3 = 1, Immediate Interrupt
1 0 2 ms lacly = i i i
1 1 3ms 5-lp = 0, Terminate without interrupt
u = Update Flag (Bit 4)
u = 0, No Update
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remains idle for ten revolutions, the
Motor On line goes back to alogic 0. If a
command is issued while Motor On is
high, the command executes
immediately, defeat-ing the six-
revolution start up. This feature allows
consecutive read or write commands
without waiting for each motor start-up;
the VL1772-02 assumes the spindle
motor is up to speed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track
00 (TROO) input is sampled. If TROOis
active-low indicating the read/write head
is positioned over Track 00, the Track
Register is loaded with zeros and an
interrupt is generated. If TROO is not
active-low, stepping pulses (pin 16) ata
rate specified by the r1, rO field are
issued until the TROO input is activated.

At this time, the Track Register is loaded
with zeros and an interrupt is generated.
If the TROO input does not go active-low
after 255 stepping pulses, the VL1772-
02 terminates operation, interrupts, and
sets the Seek Error Status Bit, providing
the V flag is set. A verification operation
also takes place if the V flag is set.

The hbit allows the Motor On option at
the start of command.

FIGURE 2. TYPE | COMMAND FLOWCHART

ENTER

SET BUSY, RESET CRC,
SEEK ERROR, DRQ, INTRQ

<i>

YES

SET MO
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NO
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y
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SET DIRECTION

SET

DIRECTION

r 1 T

—ﬂ

RESET

DIRECTION
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DIRECTION
=1
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-1TOTR I

TRACKOAND
DIRECTION

=0
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FIGURE 2. TYPE | COMMAND FLOWCHART (Cont.)

VERIFY
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RESET
CRC
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FIGURE 3. TYPE Il COMMAND FLOWCHART
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COMMAND
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NO
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SET WRITE PROTECT

YES
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SEEK

This command assumes that the Track
Register contains the track number of
the current position of the read/write
head andthe Data Register contains the
desired track number. The VL1772-02
will update the Track Register and issue
stepping pulses in the appropriate
direction until the contents of the Track
Register are equal to the contents of the
Data Register (the desired track
location). A verification operation takes
place if the V flag is on. The h bit allows
the Motor On option at the start of the
command. Aninterrupt is generated at
the completion of the command. ( Note:
When using multiple drives, the track
register must be updated for the drive
selected before seeks are issued.)

STEP

Upon receipt of this command, the
VL1772-02 issues one stepping pulse to
the disk drive. The stepping motor
direction is the same as in the previous
step command. After adelay
determined by the r1, rO field, a
verification takes place if the V flag is
on. lf the U flag is on, the Track
Register is updated. The h bit allows the
Motor On option at the start of the
command. Aninterrupt is generated at
the completion of the command.
STEP-IN

Upon receipt of this command, the
VL1772-02 issues one stepping pulse in
the direction towards track 76. If the U
flag is on, the Track Register is
incremented by one. After adelay is
determined by the r1, r0 field, a
verification takes place if the V flag is
on. The h bit allows the Motor On option
at the start of the command. An
interrupt is generated at the completion
of the command.

STEP-OUT

Upon receipt of this command, the
VL1772-02 issues one stepping pulse in
the direction towards track 0. Ifthe U
flag is on, the Track Register is
decremented by one. After a delay
determined by the r1, r0 field, a
verification takes place if the V flag is
on. The h bit allows the Motor On option
at the start of the command. An
interrupt is generated at the completion
of the command.

TYPE Il COMMANDS

The Type Il Commands (see Figure 3)
are the Read Sector and Write Sector
commands. Prior to loading the Type Il
Command into the Command Register,
the computer must load the Sector
Register with the desired sector number.
Upon receipt of the Type Il command,
the busy status bit is set. If the E flag =
1, the command executes aftera 15
ms delay.

When an ID field is located on the disk,
the VL1772-02 compares the track
number on the ID field with the Track
Register. If there is not a match, the
next encountered ID field is read and a
comparison is again made. lf there was
a match, the sector number of the ID
field is compared with the Sector
Register. Ifthere is not a sector match,
the next encountered ID field is read off
the disk and comparisons again made.
I the ID field CRC is correct, the data
field is then located and is either written
into or read from depending upon the
command. The VL1772-02 must find an
ID field with a track number, sector
number, and CRC within four revolutions
of the disk; otherwise, the Record Not
Found Status Bit is set (Status Bit 4)
and the command is terminated with an
interrupt (INTRQ).

Each of the Type Il Commands contains
an m flag that determines if multiple
records (sectors) are to be read or
written, depending upon the command.
If m = 0, a single sector is read or written
and an interrupt is generated at the
completion of the command. fm=1,
multiple records are read or written with
the sector register internally updated so
that an address verification can occur
on the next record. The VL1772-02
continues to read or write multiple
records and update the sector register
in numerical ascending sequence until
the sector register exceeds the number
of sectors on the track or until the Force
Interrupt command is loaded into the
Command Register, which terminates
the command and generates an
interrupt.

For example: ifthe VL1772-02 is
instructed to read sector 27 and there
are only 26 sectors on the track, the
sector register exceeds the number
available. The VL1772-02 will search for
five disk revolutions, interrupt out, reset
busy, and set the Record Not Found
Status Bit.

READ SECTOR

Upon receipt of the Read Sector
command, the Busy status bit is set,
and when an ID field is encountered that
has the correct track number, correct
sector number, and correct CRC, the
datafield is presented to the computer.
The data address mark (DAM) of the
data field must be found within 30 bytes
in single density and 43 bytes in double
density of the last ID field CRC byte; if
not, the ID field is searched for and
verified again followed by the data
address mark search. If, after five
revolutions the DAM cannot be found,
the Record Not Found StatusBit is set
and the operation is terminated. When
the first character or byte of the data
field has been shifted through the DSR,
itis transferred to the DR, and DRQ is
generated. If the computer has not read
the previous contents of the DR before a
new character is transferred, that
character is lost and the Lost Data
Status bit is set. This sequence
continues until the complete data field
has been input to the computer. If there
is a CRC error at the end of the data
field, the CRC Error Status Bit is set,
and the command is terminated (even if
it is a multiple record command).

At the end of the read operation, the
type of data address mark encountered
in the data field is recorded in the Status
Register (Bit 5) as shown:

STATUS BIT §

1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector
command, the Busy status bit is set.
When an ID field is encountered that has
the correct track number, correct sector
number, and correct CRC, aDRQ is
generated. The VL1772-02 counts off
11 bytes in single density and 22 bytes
in double density from the CRC field and
the Write Gate (WG) output is made
active if the DRQ is serviced (i.e., the
DR has been loaded by the computer).
If DRQ has not been serviced, the
command is terminated and the Lost
Data status bit is set. If the DRQ has
been serviced, the WG is made active
and six bytes of zeros in single density
and 12 bytes in double density are then
written on the disk. Atthis time, the

4-18
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FIGURE 3. TYPE Il COMMAND FLOWCHART (Cont.)
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FIGURE 3. TYPE It COMMAND FLOWCHART (Cont.)

HAS

DATA AM NO

READ SECTOR
SEQUENCE

OCCURRED
IN TIME

PUT RECORD TYPE IN
STATUS REG BIT 5

YES

y

DR BEEN
READ BY COMPUTER
(DRQ = 0)

NO

SET DATA
LOST

ALL BYTES
BEEN INPUTTED,

CRC
ERROR

NO

C

INTRQ, RESET BUSY
SET CRC ERROR

YES

+1T0
SECTOR REG

v r

4 ‘ INTRQ RESET BUSY ,




VL1772-02 L

FIGURE 3. TYPE Il COMMAND FLOWCHART (Cont.)
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data address mark is then written on the
disk as determined by the a0 field of the
command as shown below:

ay DATA ADDRESS MARK (BIT 0)
1 Deleted Data Mark
0 Data Mark

The VL1772-02 then writes the data field
and generates DRQs to the computer. If
the DRQ is not serviced in time for
continuous writing, the Lost Data Status
Bit is set and a byte of zeros is written

on the disk. The command is not
terminated. After the last data byte has
been written on the disk, the two-byte
CRC is computed internally and

written on the disk followed by one byte
of logicones in FM or in FMF. The WG
output is then deactivated. INTRQ will
set 24 pus (MFM) after the last CRC byte
is written. For partial sector writing, the
proper method is to write data and fill the
balance with zeros.

TYPE Il COMMANDS

Read Address - Upon receipt of the
Read Address command, the Busy
Status Bit is set. The next-encountered
ID field is then read in from the disk, and
six data bytes of the ID field are
assembled and transferred to the DR,
and aDRQ is generated for each byte.
The six bytes of the ID field are shown
below:

comparison can be made by the user.
Atthe end of the operation an interrupt
is generated and the Busy status is
reset.

Read Track - Upon receipt of the READ
track command, the head is loaded and
the Busy status bit is set. Reading
starts with the leading edge of the first
encountered index pulse and continues
until the next index pulse. Allgap,
header, and data bytes are assembled
and transferred to the Data Register and
DRQs are generated for each byte. The
accumulation of bytes is synchronized
to each address mark encountered. An
interrupt is generated at the completion
of the command.

This command has several
characteristics that make it suitable for
diagnostic purposes. They are: no CRC
checking is performed; gap information
is included in the data stream; and the
address mark detector is on for the
duration of the command. Because the
AM detector is always on, write splices
or noise may cause the chip to look for
an AM.

The ID AM, ID Field, ID CRC Bytes,
DAM, Data and Data CRC Bytes for each
sector will be correct. The Gap Bytes
may be read incorrectly during write-
splice time because of synchronization.

TRACK | SIDE |SECTOR|SECTOR|CRC | CRC
ADDR |NUMBER| ADDR |LENGTH| 1 2
1 2 3 4 5 6
Although the CRC characters are
transferred to the computer, the VL1772- yrvl_?ElT&;:ACK FORMATTING

02 checks for validity and the CRC Error
Status Bit is set if there is a CRC error.
The track address of the ID field is
written into the Sector Register so that a

Data and gap information are provided at
the computer interface. Formatting the

disk is accomplished by positioning the
R/W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track
command, the Busy Status Bit is set.
Writing starts with the leading edge of
the first encountered index pulse and
continues until the next index pulse, at
which time the interrupt is activated.
The Data Request is activated
immediately upon receiving the
command, but writing will not start until
after the first byte has been loaded into
the Data Register. If the DR has not
been loaded within three byte times, the
operation is terminated, making the
device Not Busy, the Lost Data Status
Bit is set, and the interrupt is activated.
If abyte is not present in the DR when
needed, a byte of zeros is substituted.
This sequence continues from one index
mark to the next index mark. Normally,
whatever data pattern appears in the
dataregister is written on the disk with a
normal clock pattern. However, if the
VL1772-02 detects a data pattern of F5
through FE in the data register, this is
interpreted as a data address mark with
missing clocks or CRC generation.

The CRC generator is initialized when
any data byte from F8 to FE is about to
be transferred from the DR to the DSR in
FM or by receipt of F5 in MFM. An F7
pattern generates two CRC characters
in FMor MFM. As a consequence, the
patterns F5 through FE must not appear
in the gaps, data fields, or ID fields.
Also, CRCs must be generated by an F7
pattern.

Disks may be formatted in IBM 3740 or
System 34 formats with sector lengths
of 128, 256, 512, or 1024 bytes.

TABLE 2. DATA PATTERN DECODE

DATA PATTERN

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write A1* in MFM, Present CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F9 thru FB Write F8 thru FB, CLK = C7, Preset

CRC Write F8 thru FB, in MFM

FC Write FC with CLK = D7 Write FC in MFM
FD Write FD with CLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
**Missing clock transition between bits 3 and 4.
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TYPE IV COMMANDS

The Forced Interrupt Command is
generally used to terminate a multiple
sector read or write command or to
ensure Type | status in the status
register. This command can be loaded
into the command register at any time.
If there is a current command under
execution (Busy Status Bit set) the
command is terminated and the Busy
Status Bit reset.

aus SR

The lower four bits of the command
determine the conditional interrupt as
follows:

10 =Don't Care

11 =Don't Care

12 = Every Index Pulse
13 = Immediate Interrupt

The conditional interrupt is enabled
when the corresponding bit positions of
the command (13-10) are setto a 1.
Then, when the condition for interrupt is
met, the INTRQ line goes high signifying
that the condition specified has
occurred. If 13-10 are all set to zero
(HEX DO), no interrupt occurs but any
command presently under execution is
immediately terminated. When using the
immediate interrupt condition (I3 = 1) an
interrupt immediately is generated and
the current command terminated.
Reading the Status or writing to the
Command Register does not
automatically clear the interrupt. The
HEX DO is the only command that
enables the immediate interrupt (HEX
D8) to clear on a subsequent load
command register or read status
register operation. Follow a HEX D8 with
DO command.

Wait 16 ps (double density) or 32 us
(single density) before issuing a new
command after issuing a forced
interrupt. Loading a new command
sooner than this nullifies the forced
interrupt.

Force Interrupt Command stops any
command at the end of an internal micro
instruction and generates INTRQ when
the specified condition is met. Force
Interrupt waits until ALU operations in
progress are complete (CRC
calculations, compares, etc.).

Status Register - Upon receipt of any
command, except the Force Interrupt
command, the Busy Status Bit is set
andthe rest of the status bits are
updated or cleared forthe new
command. Ifthe Force Interrupt
Command is received when there is a

current command under execution, the
Busy status bit is reset, and the rest of
the status bits are unchanged. If the
Force Interrupt command is received
when there is not a current command
under execution, the Busy Status Bit is
reset and the rest of the status bits are
updated or cleared. In this case, Status
reflects the Type | commands.

The user has the option of reading the
status register through program control
or using the DRQ line with DMA or
interrupt methods. When the Data
Register is read the DRQ bit in the
Status Register and the DRQ line are
automatically reset. A write to the Data
Register also causes both DRQ's to
reset.

The Busy Bit in the status may be
monitored with a user program to
determine when a command is complete,
in lieu of using the INTRQ line. When
using the INTRQ, a Busy status check

is not recommended because a read of
the Status Register to determine the
condition of busy resets the INTRQ line.

The format of the Status Register is
shown below:

NUMBER
OF BYTES

HEX VALUE OF BYTE WRITTEN

40 FF (or 00)
6 00

FE (ID Address Mark)

Track Number

Side Number (00 or 01)

Sector Number (1 thru 1A)

00 (Sector Length)

F7 (2 CRC’s written)

FF (or 00)

00

FB (Data Address Mark)
Data (IBM uses E5)
F7 (2 CRC’s written)

-

-
o...@..m_._._._._._._t

=

FF (or 00)
FF (or 00)

g

there is one Data Request.

**Continue writing until VL1772-02
interrupts out. Approximately 369 bytes.

256 BYTES/SECTOR

Shown below is the recommended dual-
density format with 256 bytes/sector. In
order to format a diskette. the user must
issue the Write Track command and load
the Data Register with the following
values. For every byte to be written, .
there is one data request.

(BITS)

6 5 4 3 2 1 0

S7 | S6 | S5 | S4 | 83 | S2 | 81 | SO

Because of internal synchronization
cycles, certain time delays are

observed when operating under program
/O as shown.

Delay Req’d. \
Operati Next Op FM MFM |
Write to Read Busy Bit | 48usec| 24usec
Command Reg. | (Status Bit 0)
Write to Read Status 64usec| 32usec
Command Reg. | Bits 1-7
Write Read Same 32usec| 16usec
Register Register

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
_80 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRC's written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (Data Address Mark)
L 24 4E
668** 4E

Shown below is the recommended single-
density format with 128 bytes/sector. In
order to format a diskette, the user must
issue the Write Track command, and

load the data register with the following
values. For every byte to be written,

** Continue writing until VL1772-02
interrupts out. Approximately 668 bytes.

Non-Standard Formats - Variations in

the recommended formats are possible

to a limited extent, if the following

requirements are met:

1)  Sector size must be 128, 256, 512,
or 1024 bytes.

2) Gap 2cannot be varied from the
recommended format.

3) Three bytes of A1 must be usedin
MFM.
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In addition, the Index Address Mark is e = b""‘ o :‘F"‘ -

i i . ap ytes ytes
not required for operation by the VL1772 Gap I 11 bytes FF 22 bytes 4E
02.Gap 1,3, and 4 can be as . 6 bytes 00 12 bytes 00
short as two bytes for VL1772-02 * 3 bytes A1
operation; however, PLL lock-up time, Gap li** 10 bytes FF 24 bytes 4E
motor speed variation, write-splice area, 4 bytes 00 g g))":es 22
etc., add more bytes to each gap to - 68
achieve proper operation. For highest Gap IV 16 bytes FF__ 16 bytes 4E
system reliability, use the recommended *Byte counts must be exact.

format.

**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

TABLE 3. STATUS REGISTER

BIT NAME

MEANING

S7 MOTOR ON

This bit reflects the status of the Motor On output.

S$6 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates
a Write Protect. This bit is reset when updated.

S5 RECORD
TYPE/SPIN-UP

When set, this bit indicates that the Motor Spin-Up sequence has completed
(5 revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This
bit is reset when updated.

S3 CRC ERROR

If S4 is set, an error is found in one or more ID fields; otherwise it indicates
error data field. This bit is reset when updated.

S2 LOST DATA/
BYTE

When set, it indicates the computer did not respond to DRQ in one byte time.
This bit is reset to zero when updated. On Type | commands, this bit reflects the
status of the TROO signal.

S1 DATA REQUEST
INDEX

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a
Read Operation or the DR is empty on a Write operation. This bit is reset to zero
when updated. On Type 1 commands, this bit indicates the status of the IP
signal.

S0 BUSY

When set, command is under execution. When reset, no command is under
execution.
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FIGURE 4. TYPE Ill COMMAND WRITE TRACK FLOWCHART
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FIGURE 4. TYPE Il COMMAND WRITE TRACK FLOWCHART (Cont)
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TABLE 4. READ DATA TIMING

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Raw Read Pulse Width .200 3 usec MFM
.400 3 FM
Raw Read Cycle Time 3 usec )

TABLE 5. READ ENABLE TIMING

READ ENABLE TIMING - RE such that: RW = 1, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
tre RE Pulse Width of CS 200 nsec C_ = 50 pf
torR DRQ Reset from RE 200 300 nsec
tov Data Valid from RE 100 200 nsec C_= 50 pf
tooH Data Hold from RE___ 20 150 nsec C_= 50pf

INTRQ Reset from RE 8 usec

Note: Worst case service time for DRQ is 23.5 usec for MFM and 47.5 usec for FM.

FIGURE 5. READ ENABLE TIMING

DALS
0-7

X X

RIW

DRQ

tRE. /
Rl -

i /

tDRR |
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TABLE 6. WRITE ENABLE TIMING
WRITE ENABLE TIMING - WE such that: RW = 0, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS

tas Setup ADDR to CS 50 nsec
tser Setup RW to CS 0 nsec
tan Hold ADDR from CS 10 nsec
thio Hold R/W from CS 0 nsec
twe WE Pulse Width 200 nsec
torw DRQ Reset from WE 100 200 nsec
tps Data Setup to WE _ 150 nsec
ton Data Hold from WE 0 nsec

INTRQ Reset from WE 8 usec

FIGURE 6. WRITE ENABLE TIMING

DALS
0-7

X we X

AN twe 4

RIW

lsET——' —] tHLD
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DRQ

- ‘DRW-A
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TABLE 7. WRITE DATA TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Write Gate to Write Data 4 usec FM
2 usec MFM
Write Data Cycle Time 468 usec
Write Gate off from WD 4 usec FM
2 usec MFM
twe Write Data Pulse Width 820 nsec Early MFM
690 nsec Nominal MFM
570 nsec Late MFM
1.38 usec FM
FIGURE 7. WRITE DATA TIMING
CLK
N N N N
[ [ R
rf 7 CLKS 3 >
EARLY typ
/ |- I 11 FOR FM :\_
NOMINAL twp
/ - 4 CLKS —\_
LATE twp I I
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TABLE 8. MISCELLANOUS TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS

tcos Clock Duty (low) 50 67 nsec

tepe CLock Duty (high) 50 67 nsec

tstp Step Pulse Output 4 usec MFM
8 FM

tor Dir Setup to Step 24 usec MFM
48 FM

tvr Master Reset Pulse Width 50 usec

tip Index Pulse Width 20 usec

FIGURE 8. MISCELLANOUS TIMING
F ; ” VIH
'4— tp ———I
MR 5 5 VIH
’4— MR —»l
'<-'<:Yc—>|
CLK
——>| Dy jt——
— |<—‘CDZ
{ 5
4

DIRC

STEPIN

STEP

<— R1Rp" =i

Iq— ‘mn-»' tsTP ‘4—-»' tsTP l<——— l<— DIR ——' tspT |<-—

{(
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FIGURE 9. FORMATS
PorsE [ 1

40BYTES | 6 BYTES 1D TRACK SIDE | SECTOR [LENGTH| CRC CRC | 11BYTES | 6 BYTES OATA USERDATA CRC CRC |10BYTES|
‘FF 00" L] L] L] " 1 2 ‘FF ‘00 1 2 FF

REPEATED
FOR EACH SECTOR.

“FE ADR
FE’ MARK 128 BYTES

D FIEL 'A FIELD-

WRITE GATE—J I—— -

SINGLE DENSITY FORMAT

INDEX | l
PULSE.

REPEATED
FOR EACH SECTOR:

60BYTES |12BYTES| 38YTES] ID | TRACK | SIDE | SECTOR|{LENGTH|CRC|CRC|22 BYTES|12BYTES| 3BYTES| 1D USER DATA CRC|CRC| 24BYTES
4E 00" A LFel ¥ [ " * 12 e 00" ‘ar |'Fe'l  256BYTES 1] 2 4E'
1D FIELD: DATA FIELD
WRITE GATE——I L___ -
DOUBLE DENSITY FORMAT

ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses above those listed under operational sections of this
Temperature -10°C to +80°C "Absolute Maximum Ratings" may cause specification is not implied and
Storage Temperature  -65°Cto+140°C  Permanentdamage to the device. These exposure to absolute maximum rating
Supply Voltage to are str_ess ratiqgs on!y. Functional conditions for e)steqqed periods may
Ground Potential 05Vio+7.0V operation of this device at these or other affect device reliability.

. : conditions above those indicated in the
Applied Output
Voltage -05Vto+7.0V
Applied Input
Voltage -0.5Vto+7.0V
Power Dissipation 800mW

DC CHARACTERISTICS TA =0°Cto 70°C,VCC =5V +5%

Symbol Parameter Min Typ Max Unit Conditions
VOH Output High Voltage 24 v 10 =-100 pA
VOL Output Low Voltage 0.4 \ I0=1.6mA
VIH Input High voltage 2.0 \"

VIL Input Low Voltage 0.8 \

liL Input Leakage Current 10 HA VIN=VCC
oL Output Leakage Current 10 A VOUT=VCC
RPU Internal Pull-up 100 1700 HA VIN=0V
ICC Operating Supply Current 75 150 mA

PD Power Dissipation 780 mW
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Vi vL1772-02

APPLICATION INFORMATION

VL1772-02: AN
IMPROVED VERSION

OF THE 1770-00 ,

The 177X tamily of flexible disk
controllers has attracted a great deal of
interest from system designers.
Allowing compactness and superior
performance, this family of advanced
ICs has proven to be a success in the
marketplace. The original 1770-00 won
much approval with its 28-pin package.
Its digital data separator allowed
consistent operation over temperature,
but more was required. The error rate of
this data recovery circuit was too high,
and a reliable data separator with lower
error rates was seen as an important
need for computer systems of all types.

In addition, a small change of step rate
selections could ensure faster
throughput, while maintaining
compatibility with existing designs.

Thus began the design of a new concept
in flexible disk controllers. An important
need was to maintain compatibility with
existing designs using the 1770-00,
while extending the capabilities of the
177X family to include higher-
performance drives. These criteria have
been satisfied with the VL1772-02.

IMPROVING THE DATA
SEPARATOR

The improvement of the data separator,
or data recovery circuit, as it is called, is
an important enhancement to the

FIGURE 10. WINDOWING READ DATA

Clock

A\

Clock

r---
L-—--

TABLE 9. STEP RATE SELECTION: 1770-00

AND VL1772-02
Step Rate Select Bits Step Rate (ms)
1 ro - 1770-00 VL1772-02
0 0 6 6
0 1 12 12
1 .0 20 2
1 1 30 3

reliability of the VL1772-02. The
operation of this part of the circuit,
although critical to system reliability, is
simple to understand. Figure 10 shows
a train of read data pulses coming from a
floppy drive. The clock and data pulses
are both in this signal, combined in a
simple encoding format. In each bit cell,
the data separator chooses a time
period within which pulses are
recognized as data pulses. The better
the resolution for defining this window
for the data pulses, the greater the jitter
in the signal can be before ones and
zeros are incorrectly recognized. This
incorrect recognition, and the resultant
soft errors, are the basic limiting factor
in floppy drive error rates. The VL1772-
02, with a wider data window, has a lower
chance of incorrect recognition,
resulting in lower error rates. This effect
will be particularly evident as the user's
media degrades with use and jitter
increases. This increased reliability of
the VL1772-02 can result in fewer
returns and greater user satisfaction.

STEP RATES

With a different selection of step rates
than the 1770-00 (see table 9), the
VL1772-02 allows the use of drives with
minimum settle times upto 12 ms. At
the same time, performance is
enhanced to take advantage of floppy
drives that require only 2 or 3 ms of
delay. If a design is currently using
head settle times of 6 or 12 ms (as most
are), no modifications are required to
use the VL1772-02 in the 1770-00
socket. If the current choice of r1 and
10 calls for 20 or 30 ms of delay, use of
the VL1772-02 requires:

— the selection of drives that have
head settle time under 12 ms, and
modified software to allow correct r1, r0
choice, or

— implementation of head settle time in
hardware, with an external interrupt.

Fortunately, almost all modern flexible
disk drives have head settle times well
under 12 ms, and current 1770
applications have taken this into
account, using 6 or 12 ms as the head
settle time. Where this change is
required, it will mean less waiting for the
drives tofinish each seek. This will
certainly produce higher user
satisfaction with the system, as well as
appreciably higher performance against
most benchmarks.
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VL2793 « VL2797

FLOPPY DISK FORMATTER/CONTROLLER FAMILY

FEATURES
ON-CHIP PLL DATA SEPARATOR

¢ ON-CHIP WRITE PRECOMPENSATION LOGIC
e SINGLE +5V SUPPLY

+ ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS
IBM 3740 (FM)
IBM 34  (MFM)

* AUTOMATIC SEEK WITH VERIF