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NCR: A HISTORY OF QUALITY, SERVICE AND

SUPPORT

The NCR Corporation was founded over 100
years ago with the invention of the cash register. Since
then, its been one innovation after another. For example,
as an early pioneer in electronic component technology,
NCR performed advanced vacuum tube research as
early as 1938. Later, in 1959, NCR produced the first
commercial all solid-state computer.

Today, NCR Corporation is a multi-billion dol-
lar manufacturer of diversified business and technology
products including computer systems, retail and banking
terminals, and semiconductors.

NCR established the microelectronics division
in 1971 to design and manufacture advanced integrated
circuits for internal use. In 1981, NCR Microelectronics
became an autonomous division and began selling its
services to the merchant market.

Just three years later in 1984, NCR achieved in-
dependent recognition as the industry’s leading supplier
of standard cell products—the fastest growing segment
of the exploding ASIC market. This achievement not
only made NCR one of the world’s fastest growing ASIC
suppliers, but assured its customers an early lead in get-
ting their ASIC-based products to market.

In 1987, NCR introduced a technology
breakthrough—the Design Advisor™. This first-of-its-
kind application of artificial intelligence, assists design
engineers by providing 1000 years of engineering
knowledge. This product introduction, announced at
New York City’s Hayden Planetarium in unison with the
Design Automation Conference (DAC), received very
significant trade press and analyst coverage.

Today, NCR’s Microelectronics Division con-
sists of two modern manufacturing facilities located in
Fort Collins and Colorado Springs, Colorado. In early
1988, the Miamisburg, Ohio, microelectronics center’s
operations were relocated in these two facilities.

These independent, but closely coupled plants,
offer customers a new level of security of supply.
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Fort Collins, Colorado

The Fort Collins facility is headquarters for
NCR’s commercial/industrial Application Specific Inte-
grated Circuits (ASIC), Digital Signal Processing
(DSP), Software Development, and Customer Owned
Tooling (COT) business units. The Fort Collins ASIC
business unit conducts a great deal of research and de-
velopment in gate arrays, standard cell libraries, and
“supercells,” as well as customer owned tooling. The re-
cently formed software development business unit is
dedicated to providing leading edge software products.

The Fort Collins facility also houses volume
wafer fabrication and test facilities and a complete small-
volume/fast-turn assembly capability for popular plastic
and ceramic devices.

Colorado Springs, Colorado

Colorado Springs is home for NCR’s logic
product, Military ASIC, and Automotive ASIC business
units,

The logic products group supplies a variety of
microprocessors, logic support devices, and special
function chips. The military products group is dedicated
to supplying both standard ICs and ASIC devices
screened to military requirements. It offers a compre-
hensive quality system based on the MIL-Q-9858A. De-
vices can be screened and qualified to MIL-STD-883C,
Method 5004/5005 and 5010 on a stand-alone basis. The
automotive ASIC group supplies both standard and
ASIC devices to the special requirements of the automo-
tive industry.

The Colorado Springs facility is the site of
NCR’s newest advanced wafer fab. Currently, this fab is
running geometies down to 1.5um with 1.0pm in proto-
type development.

This Standard Products Databook highlights
NCR’s standard product offering. The complementary
ASIC Databook (May 1988) includes ASIC product in-
formation for all applications.

If you desire a copy of the ASIC Databook,
please contact the sales office in your area (see page 13)
or call NCR’s hotline: 1-800-334-5454.
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STRATEGY AND GOALS

SCSI Products

NCR is creating high value products for its cus-
tomers in the SCSI Controller area. As the SCSI leader,
NCR offers the broadest line of SCSI products ranging
from the low cost 5380 family of chips to the high per-
formance 53C90. SCSI products are designed using the
semi-custom modular approach while maintaining sensi-
tivity to the industry trend toward higher integration. An
emphasis is placed on software compatibility with the
5380 and the 53C90 to provide customers a migration
path to higher performance products. NCR’s high vol-
ume marketing approach allows for an optimum price/
performance ratio giving customers high value products.

Some of NCR’s newest developments in the
SCSI area include the 53C90 - a high performance SCSI
processor which features sequenced commands and high
speed synchronous data transfers, the 53C80-40 - a
CMOS part pin compatible with the 5380 that also fea-
tures a faster REQ-ACK SCSI handshake, and the
53C400 - a single chip host adapter chip compatible with
the IBM PC/XT/AT Bus and the PS/2 Model 30 which
also features two 128 byte buffers to provide speed
matching.

NCR'’s SCSI Products group is continuing to
provide customers with high perfromance, low cost
quality products by using the latest process technology,
Computer Aided Design tools, and quality assurance
programs. NCR maintains a high degree of customer
satisfaction by filling the market needs with performance
products quickly and effectively.

Graphics Products

As users become more comfortable with per-
sonal computers, there will be an increase in demand for
color monitors. Likewise, computer manufacturers will
demand high performance color/graphics controllers for
these monitors. NCR’s graphics products provide a solu-
tion now. Our graphics products provide easy-to-use,
highly integrated and cost effective solutions for the
needs of the PC market.

NCR’s foremost strategy is to provide industry
standard solutions to the marketplace which preserve
compatibility, while providing leadership, performance,
features and integration. With this strategy, NCR has
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become a popular source of CRT controllers for both
monochrome and color display systems.

NCR Microelectronics will compete only at the
chip level in the marketplace. This allows us to concen-
trate on the production of CRT controller chips rather
than the production of PC board-based display systems.
With this strategy, NCR can provide the best product,
service and commitment to our customers’ needs.

Providing timely and current solutions for the
needs of the display systems market is our strategy for
the future. This will continue to maintain NCR’s position
as an industry leader.

Communication Products

The Communications Business Unit develops
semiconductor circuits for use in local area networks and
digital telephony. NCR develops local area digital com-
munication network circuits, these circuits are for net-
works usually less than 50,000 meters and connecting up
to 1024 nodes. Local area network speeds range from
1200 bits per second to greater than 100 MB/S. These
circuits support 802 Standards, PC Networks, Factory
Automation Networks, Office Automation Networks,
CAE and CAD Networks and Backbone Networks.

Digital telephony circuits include Digital Tele-
com as well as Integrated Services Digital Networks
(ISDN). These circuits support digital applications on
existing twisted pair wiring circuits as well as fiber optic
networks. They include ISDN interfaces, PBX’s, and
central office applications.

NCR Memory Products

NCR Memory products group has moved from
Miamisburg, Ohio to Fort Collins, Colorado and is a
part of the Customer Owned Tooling (COT) group.

NCR offers a full line of high performance
CMOS and NMOS read-only memories (ROM) with a
variety of pinouts, access times, and packages (DIP,
PLCC, Fpp). NCR’s strong manufacturing capability al-
lows for fast turn around of both prototype and produc-
tion quantities. NCR provides the customer service
levels and the engineering support required of a major
supplier of ROM’s in today’s market.
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NCR Military Products

NCR Microelectronics Military group, now lo-
cated in Colorado Springs, Colorado, is dedicated to
providing both standard and ASIC products to the mili-
tary market.

It offers a comprehensive quality system based
on the MIL-Q-9858A. Devices can be screened and

qualified to MIL-STD-883C, Method 5004/5005 and
5010 on a stand-alone basis.

The NCR Microelectronics Military group is
expanding its capabilities and expects several new stan-
dard and ASIC products to be included in its offerings
this year.
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NCR QUALITY

NCR Microelectronics Division — A
History of Quality

The NCR Corporation was founded over 100
years ago with the invention of the cash register. Since
then it has been one innovation after the other. Today
NCR Corporation is a multi-billion dollar manufacturer
of diversified business and technology products includ-
ing computer systems, peripherals, retail and banking
terminals and semiconductors.

NCR established its first microelectronics labo-
ratory in 1963 to stay abreast of the emerging semicon-
ductor technology. The laboratory was expanded in
1966, and by 1968 NCR’s first production MOS circuits
were produced. NCR created the Microelectronics Divi-
sion in 1971 with the opening of its first manufacturing
plant located in Miamisburg, Ohio to manufacture ad-
vanced integrated circuits for internal use. NCR ex-
panded its Microelectronics operation in 1975 with a
second production facility in Colorado Springs, Colo-
rado and in 1979 added a third facility in Fort Collins,
Colorado.

In 1981 NCR Microelectronics became an au-
tonomous division and began selling its products to the
merchant market. And by 1984 the division had become
the market leader in the standard cell sector of the semi-
custom application specific ICs (ASIC) market serving
customers with commercial, industrial, automotive and
military applications.

In addition to standard cell devices NCR Mi-
croelectronics also manufactures an extensive line of
state-of-the-art VLSI devices including gate arrays, peri-
pheral ICs, logic devices, digital signal processing de-
vices, microprocessors, and memories. )

A Commitment to Quality

“NCR Corporation is totally committed to
maintaining a reputation for excellence second to none in
the markets we serve. We intend to maintain this reputa-
tion by providing only defect-free products and error-
free services.”

Charles E. Exley Jr.

Chairman of the Board and President
NCR Corporation
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Mr. Exley’s statement, from our highest level
of management, exemplifies the commitment to quality,
reliability and customer satisfaction NCR has held for
over 100 years.

The NCR goal in all products is to exceed the
customer’s quality and reliability requirements by build-
ing quality in. Of course, we test each device exten-
sively, but testing alone cannot insure long-term
reliability.

Each of NCR Microelectronics standard prod-
ucts, cell libraries and processes has been extensively
characterized and qualified. Our quality assurance engi-
neers work closely with standard product, standard cell
and gate array IC designers, as well as, computer-aided
design software engineers and process engineers to as-
sure that long-term product quality is an integral part of
every NCR standard or ASIC device.

At NCR we have learned that not only must
each and every element of the design and manufacturing
process be fully validated, but that they must also be va-
lidated as an entire system—from processing to worksta-
tion simulations. For example, in the design process,
strict design rules with carefully controlled margining
requirements are used to insure products meet or exceed
customer quality and reliability requirements. In the fab-
rication and assembly operation, Statistical Process Con-
trol (SPC) is the key to maintaining a high level of
confidence.

Of course each ASIC device receives full
screening, testing and qualification prior to shipment,
but without built-in quality attributes, long term reliabil-
ity could not be ensured. And at NCR quality is not mea-
sured in percent of failed devices received by our
customers, but rather the reliability of the devices over
the long haul.

Additionally, NCR supports a program of con-
tinuous quality improvement. This includes working
closely with customers to help insure that applications
are consistent with the intended use of the product.
When problems are encountered, NCR maintains a
closed loop corrective action system to insure that prob-
lems are resolved and corrected in a timely manner.

All of this attention to quality and reliability has
paid off—for NCR and our customers. As a result of our
exceedingly high standards, NCR Microelectronics has
an AQL level much better than the industry average.
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Quality is a System

Behind NCR’s reputation for excellence in
quality and reliability is a comprehensive quality system
based upon MIL-Q-9858A. This system provides de-
tailed documentation of our design and manufacturing
processes as well as for the handling, testing and inspec-
tions of the raw material and work-in-process. It also
documents manufacturing operation controls, final ac-
ceptance and delivery. Here are some of the key ele-
ments of that system.

* Defect Prevention

NCR Microelectronics is committed to the phi-
losophy that defect prevention is the most effective
means of assuring the quality of all products and serv-
ices. As a result of this commitment, defect prevention is
practiced throughout every phase of the operation.

Quality is designed into our products through
the use of documented design rules and procedures.
Comprehensive design reviews are conducted to ensure
the product design conforms to specifications. Process-
ing is accomplished under documented controlled condi-
tions thereby providing the highest quality throughout
the fabrication process. Extensive characterization and
reliability verification testing can be performed to help
ensure that products are defect-free and perform reliably
over an extended period of time.

® Closed Loop Corrective Action

A Closed Loop Corrective Action (CLCA) sys-
tem is in place at NCR Microelectronics to ensure that
problems are resolved in a timely manner. The basic ele-
ments of the system include:

. .Problem identification

. .Investigation and determination of cause

..Corrective action to eliminate the problem and pre-
vent its recyrrence

.. Verification that the corrective action has eliminated
the problem

¢ Configuration Control
Configuration control procedures ensure that

product designs are fully documented and production
changes are implemented in a controlled manner. With

this procedure, customers are assured of complete con-
figuration accountability of the end item. Engineering
documentation is handled under strict change control
procedure utilizing request for change and engineering
change notice procedures. Engineering changes are do-
cumented using part number and revision letter control.
Change implementation is monitored, tracked and re-
corded to ensure that changes are incorporated into pro-
duction as scheduled. Configuration accountability
records are maintained to allow complete design tra-
ceability of the completed end item.

e Calibration of Equipment

The procedures used by NCR for calibrating
manufacturing and testing equipment are based upon
MIL-C-45662, Calibration System Requirements. These
procedures are designed to ensure that all measurements
are accurate and reliable. Calibration of NCR’s manu-
facturing and testing equipment is performed in accord-
ance with the manufacturer’s recommendations or those
proven by the National Bureau of Standards. Calibra-
tions are performed in-house or by a certified laboratory
depending upon the type and complexity of the equip-
ment. NCR’s calibration system includes machine label-
ing and record documentation system designed to ensure
that calibrations are performed on schedule.

¢ Supplier Quality Management

NCR is committed to doing business with se-
lected suppliers who have demonstrated their ability to
constantly deliver defect-free products as scheduled.
Suppliers are selected by NCR based upon evaluation
and audits of their quality systems and their capabilities
for meeting the specified quality requirements. NCR’s
supplier evaluation criteria include:

. .Commitment to quality

. .Proven ability to produce defect-free product

.. Well documented processes that are under strict con-
trol

.. Use of statistics to evaluate process capabilities

. .Engineering expertise and design maturity

. .Engineering change control procedures

. . Test documentation, inspection records, certification
of performance, quality reports on a regular basis

. .Corrective action system with ability to resolve
problems in a timely manner

..Continuous quality improvement program

. .Flow down procedures for second source suppliers
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e Statistical Process Control

NCR uses Statistical Process Control (SPC) as
one of the key elements in their systems to build in qual-
ity and reliability. For example, within wafer fabrica-
tion, critical process parameters are charted to monitor
the on-going statistical performance of the process. The
targeted performance standard of each monitored proc-
ess is continually raised resulting in ever improving per-
formance. Numerous other process parameters are
monitored throughout the manufacturing, qualification
and support process to assure conformance to docu-
mented requirements.

e Wafer Fabrication

After the device is approved for production,
stringent process and assembly controls are used to build
in quality and reliability. Within wafer fabrication, over
150 critical process parameters are monitored to assure
performance of the process. The following quality assur-
ance functions are just some of the functions performed
during wafer fabrication:

. . After Develop Inspections (ADIs) performed at each
masking level

. .After Etch Inspection (AEIs) performed at each
masking level

.. All critical process operations implemented on statis-
tical process control (SPC) chart

. .In-process QC audits and final QC wafer lot accept-
ance gate

..CV sampling performed for every lot

.. . Profile testing of critical parameters
..100% die probe
..QC lot acceptance for assembly

Quality and Reliability Testing Procedures

NCR offers complete quality assurance services
to provide the optimum high reliability solution to meet
your system requirements. At NCR, end items are thor-
oughly tested to ensure conformance to specified re-
quirements. For military and high reliability
applications, NCR supports the stringent MIL-STD-
883C, Method 5004/5005 and Method 5010 screening
and quality conformance inspection test methods and on
a stand-alone basis. These testing procedures are
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designed to insure that the quality and reliability of the
completed device conforms with the applicable procure-
ment document. Additionally, NCR can support cus-
tomer requirements for special screening and
qualification testing procedures.

Methods 5004 and 5005 are companion test
methods establishing total lot screening and quality con-
formance inspection procedures for microcircuits.
Method 5010 is a relatively new all inclusive screening
and qualification procedure for custom and semicustom
microcircuits with low production volume requirements.

Using Method 5010 as an example, the testing
and evaluation procedure involves four major areas:

...Element Evaluation—This series of tests involve
the materials for device assembly, i.e. wafers, die and
packages.

...Process Control—These tests are performed to en-
sure the integrity of the die attachment and wire bonding
process.

...100% Device Screening—This series of rigorous
tests are performed on assembled devices to ensure the
quality and reliability levels specified by the device
specification has been achieved.

...Quality Conformance Inspection—This group of
tests establishes qualification and quality conformance
inspection procedures for initial device qualification, re-
qualification and retention of qualification. These qual-
ity conformance tests consist of Group A, B, C and D.

® Group A—Electrical tests performed on an
inspection lot that has already passed 100% screening.

® Group B—Environmental tests designed to
test the integrity of the fabrication and assembly proc-
esses.

¢ Group C—Die related test conducted on a
three month periodic basis, as required.

® Group D—Package related tests conducted
on a six month periodic basis, as required.

=
[Ty}
>
[a =
T}
=3
o




e High Rel ASIC

These products are available in commercial, in-
dustrial, automotive and military temperature ranges and
a variety of screening procedures including MIL-STD-
883C Method 5004/5005 and Method 5010, on a stand
alone basis.

NCR’s ASIC CMOS product family is com-
prised of both standard cells and gate arrays all screened
for operation in the automotive temperature ranges and
military temperature range. Standard cells are offered in
2pm double-level-metal (DLM) and 3pm single-level-
metal (SLM). Gate arrays are provided in 25m double-
level-metal with complexity ranging from 600 to 8,500
usable gates.

NCR'’s automotive products group is based in
Colorado Springs, Colorado. This plant is NCR’s new-
est microelectronics factory and features an automotive
design center, 1.5-micron fabrication capability, testing,
and qualification. The automotive products group sup-
plies full custom, cell based and gate array products to
the automotive and high-temp industrial markets.

The Miamisburg plant is home to the Mi-
croelectronics Division’s Military Products Unit. The
plant offers a military applications design center, on-site
fabrication, and back-end screening, testing and qualifi-
cation to a variety of Mil standards. The Military Prod-
ucts Group is dedicated to supplying both standard and
ASIC devices screened to military requirements.

NCR’s CMOS devices, using our semicustom
design approach, have the characteristics essential to
military and automotive systems including high reliabil-
ity in rugged environments, low power consumption,
and high immunity to noise and power supply variations.

10

A Commitment to Customer
Satisfaction

NCR’s commitment to quality, reliability and
customer satisfaction is an integral part of corporate pol-
icy and philosophy. And it’s been that way since 1884
when NCR’s founder, John H. Patterson, set the stan-
dards that NCR follows today.

Patterson’s premise was simple. Build each
product the best it could be built and provide a level of
service to customers which exceeds their expectations.
Patterson knew that if each employee believed and lived
that premise, success for his newly founded company
would be assured. Today, as then, everyone at NCR is
committed to continue its successful growth in the mar-
kets we serve by striving to provide defect-free products
and error-free services to each of our customers.

Every NCR employee is motivated to ensure
our customer’s satisfaction in our products and services.
It’s this commitment to customer service that forms the
underlying foundation on which our Quality Assurance
Program is based. At NCR we feel this is a fundamental
part of quality. Testing for quality is an important func-
tion, but we believe that the long-term reliability cannot
be tested-in. Reliability begins and ends with people.
People committed to product and service excellence.

At NCR, when we say, ‘“We Take Customer
Satisfaction Personally,” - we mean it.
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NCR PLANTS/PRODUCT LINES

FORT COLLINS

COLORADO SPRINGS

Commercial ASIC Products

Digital Signal Processing Products
Customer Owned Tooling/Memory Products
Telecommunications Products

Software Development

2001 Danfield Court
Fort Collins, CO 80525
(303) 226-9500
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SCSI Products

Graphics Products
Military ASIC Products
Automotive ASIC Products
Distribution

Internal Marketing

1635 Aeroplaza Drive
Colorado Springs, CO 80916
(303) 596-5611 or

(800) 525-2252
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NCR Microelectronics Division Regional Territories

WASHINGTON ——
Northeastern U.S.
MONTANA NORTH DAKOTA
MINNESOTA
OREGON
IDAFO
SOUTH DAKOTA WISCONSIN NEW YORK
Northwestern U.S. —
WYOMING NJ,
PENNSYLVANIA
IOWA
NEBRASKA NOI’th Centfal U-s- MD -
NEVADA / 3 OHIO 'DE
INDIANA
ILLINOIS
UTAH W VIRGINIA
CALIFORNIA COLORADO
VIRGINIA
KANSAS MISSOURI KENTUCY
INA
™ TENNESSEE
South Central U.S. ~
Southwestern U.S. S . canoLe
_— NEWMEXICO Southeastern U.S.
MISSISSIPPI ALABAMA GEORGIA
TEXAS
LOUISIANA .
FLORIDA

NH

CONN

MAINE



NORTHEASTERN AREA SALES OFFICE

SOUTHEASTERN OFFICE

NCR Microelectronics Division
400 W. Cummings Park

Suite 2750

Woburn, MA 01801

Phone: (617) 933-0778

OVERVIEW

NORTH CENTRAL OFFICE

NCR Microelectronics Division
700 Old Roswell Lakes Pkwy.
Suite 250

Roswell, GA 30076

Phone: (404) 587-3736

SOUTH CENTRAL OFFICE

NCR Microelectronics Division
33 West Higgins Road

South Barrington, IL 60010
Phone: (312) 426-4600

NORTHWESTERN AREA SALES OFFICE

NCR Microelectronics Division
400 Chisholm Place, Suite 100
Plano, TX 75075

Phone: (214) 5789113

NCR Microelectronics Division
3130 De la Cruz Blvd.

Suite 209

Santa Clara, CA 95054-2410
Phone: (408) 727-6575

SOUTHWESTERN REGIONAL SALES OFFICE
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NCR Microelectronics Division
1940 Century Park East

Los Angeles, CA 90067
Phone: (213) 556-5231
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NCR SALES REPS AND DESIGN CENTERS

Cross Referenced by State/International Area
February 15, 1988

ALABAMA

Electronic Manufacturers Agents
309 Jordan Lane

Huntsville, AL 35805
205-830-4030

ARIZONA

Sun State Technical, Inc.
Suite 115

2323 East Magnolia
Phoenix, AZ 85034
602-220-0595

ARKANSAS

ION Associates, Inc.
1504 109th Street

Grand Prairie, TX 75050
214-647-8225

CALIFORNIA

(North)

Quorum Technical Sales
Building 12

4701 Patrick Henry Drive
Santa Clara, CA 95054
408-980-0812

(South)

Leading Concept Technologies, Inc.
3900 Birch Street, Suite 104
Newport Beach, CA 92660
714-851-0654

(San Diego and
Imperial Counties)
Earle Associates, Inc.
Suite 200

7585 Ronson Road
San Diego, CA 92111
619-278-5441

COLORADO
Electrodyne

Suite 110

2620 South Parker Road
Aurora, CO 80014
303-695-8903
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CONNECTICUT

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

DELAWARE
OPEN

DISTRICT OF COLUMBIA
OPEN

FLORIDA

Delmac Sales, Inc.

1701 West Hillsboro Boulevard
Suite 304

Deerfield, FL 33441
305-427-7788

Delmac Sales, Inc.

1963 Corporate Square Drive
Suite 106

Longwood, FL 32750
305-831-0040

Delmac Sales, Inc.
1170 Woodlawn Street
Clearwater, FL 34616
813-443-2622

GEORGIA

Electronic Manufacturers Agents
620 Colonial Park Drive
Roswell, GA 30075
404-992-7240

IDAHO

Electrodyne

Suite 120

825 East 4800 South Street
Salt Lake City, UT 84107
801-264-8050

ILLINOIS

(South of 1-74)
Dy-Tronix, Inc.

3407 Bridgeland Drive
Bridgeton, MO 63044
314-291-4777

15
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ILLINOIS (Continued)
(North of I-74)

Eagle Technical Sales
1805-B Hicks Road

Rolling Meadows, IL 60008
312-991-0700

(Rock Island County)
Aldridge Associates, Inc.
7138 Shady Oak Road

Eden Prairie, MN 55344-3517
612-944-8433

INDIANA

Bailey’s Electronics Sales
87 Bali Hai

Carmel, IN 46032
317-846-5578

IOWA

Aldridge Associates, Inc.
7138 Shady Oak Road

Eden Prairie, MN 55344-3517

KANSAS

Dy-Tronix, Inc.

Suite 322

1999 Amidon

Wichita, KS 67203-2124
316-838-0884

Dy-Tronix, Inc.

Suite 106

5001 College Boulevard
Leawood, KS 66211
913-339-6333

KENTUCKY

(W of I-75)

Bailey’s Electronics Sales
87 Bali Hai

Carmel, IN 46032
317-846-5578

(E of I-75)

Arthur Baier Company
7480 Kingswood Drive
Westchester, OH 45069
513-779-2395

16

LOUISIANA

ION Associates, Inc.
1504 109th Street

Grand Prairie, TX 75050
214-647-8225

MAINE

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

MARYLAND
OPEN

MASSACHUSETTS

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

MICHIGAN

Rathsburg Associates, Inc.
17600 Northland Park Court
Suite 100, P.O. Box 5037
Southfield, MI 48086-5037
313-559-9700

MINNESOTA

Aldridge Associates, Inc.
7138 Shady Oak Road

Eden Prairie, MN 55344-3517

MISSISSIPPI

Electronic Manufacturers Agents
309 Jordan Lane

Huntsville, AL 35805
205-830-4030

MISSOURI
Dy-Tronix, Inc.

3407 Bridgeland Drive
Bridgeton, MO 63044
314-291-4777

MONTANA

Electrodyne

Suite 120

825 East 4800 South Street
Salt Lake City, UT 84107
801-264-8065
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NEBRASKA
Dy-Tronix, Inc.

Suite 322

1999 Amidon

Wichita, KS 67203-2124
316-838-0884

NEVADA

(All, excluding)

Quorum Technical Sales

4701 Patrick Henry Drive, Bldg. 12
Santa Clara, CA 95054
408-980-0812

(Clark County)

Sun State Technical, Inc.
Suite 115

2323 East Magnolia
Phoenix, AZ 85034
602-220-0595

NEW HAMPSHIRE

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

NEW JERSEY

(North)

Comtronic Associates, Inc.
555 Braod Hollow Road
Melville, NY 11747
516-249-0505

(South)

TCA, Inc.

1570 McDaniel Drive
West Chester, PA 19380
215-692-6853

NEW MEXICO

Nelco Electronix

4801 General Bradley, N.E.
Albuquerque, NM 87111
505-293-1399

NEW YORK

(All except L.1.)

Ontec Electronic Marketing
167 Flanders Street
Rochester, NY 14619
716-464-8636
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NEW YORK (Continued)
Ontec Electronic Marketing
16 Gabriella Road

P.O. Box 525

Wappinger Falls, NY 12590
914-462-7374

(Long Island)

Comtronic Associates, Inc.
555 Broad Hollow Road
Melville, NY 11747
516-249-0505

NORTH CAROLINA
Electronics Manufacturers Agents
Suite 204

6604 Six Forks Road

Raleigh, NC 27609
919-846-6888

NORTH DAKOTA

Aldridge Associates, Inc.
7138 Shady Oak Road

Eden Prairie, MN 55344-3517

OHIO

Arthur Baier Company
Suite 106

6690 Beta Drive
Cleveland, OH 44143
216-461-6161

Arthur Baier Company
4940 Profit Way
Dayton, OH 45414
513-276-4128

Arthur Baier Company
7395 Mapleleaf Boulevard
Worthington, OH 43085
614-764-1144

Arthur Baier Company
7480 Kingswood Drive
Westchester, OH 45069
513-779-2395

OKLAHOMA

ION Associates, Inc.
1504 109th Street

Grand Prairie, TX 75050
214-647-8225
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OREGON

Westerberg & Associates
7165 SW Fir Loop
Portland, OR 97224
503-620-1931

PENNSYVLANIA
(West)

Arthur Baier Company
Suite 106

6690 Beta Drive
Cleveland, OH 44143
216-461-6161

(East)

TCA, Inc.

1570 McDaniel Drive
West Chester, PA 19380
215-692-6853

RHODE ISLAND

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

SOUTH CAROLINA
Electronics Manufacturers Agents
309 Jordan Lane

Huntsville, AL 35805
205-830-1947

SOUTH DAKOTA

Aldridge Associates, Inc.
7138 Shady Oak Road

Eden Prairie, MN 55344-3517
612-944-8433

TENNESSEE

East (Eastern Time Zone)
Electronic Manufacturers Agents
620 Colonial Park Drive
Roswell, GA 30075
404-992-7240

West (Central Time Zone)
Electronic Manufacturers Agents
309 Jordan Lane

Huntsville, AL 35805
205-830-4030
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TEXAS

(All, excluding)

ION Associates, Inc.
1504 109th Street

Grand Prairie, TX 75050
214-647-8225

ION Associates, Inc.

Suite #100, Bldg. A

12731 Research Boulevard
Austin, TX 78759
512-331-7251

ION Associates, Inc.

14347-A Torrey Chase Boulevard
Houston, TX 77014-1696
713-537-7717

(El Paso County)

Nelco Electronix

4801 General Bradley, N.E.
Albuquerque, NM 87111
505-293-1399

UTAH

Electrodyne

Suite 120

825 E. 4800 South Street
Salt Lake City, UT 84107
801-264-8050

VERMONT

John E. Boeing Co., Inc.

139 Billerica Road
Chelmsford, MA 01824-3501
617-256-5800

VIRGINIA
OPEN

WASHINGTON

Westerberg & Associates

12505 Bell-Red Road, Suite 112
Bellevue, WA 98005
206-453-8881

WEST VIRGINIA
Arthur Baier Company
Suite 106

6690 Beta Drive
Cleveland, OH 44143
513-461-6161

NCR Overview
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WISCONSIN

Eagle Technical Sales
1805-B Hicks Road

Rolling Meadows, IL 60008
312-991-0700

WYOMING
Electrodyne

Suite 110

2620 South Parker Road
Aurora, CO 80014-1660
303-695-8903

CANADA, excluding
Cantec Representative, Inc.
1573 Laperriere Avenue
Kttawa, Ontario, CANADA
K1Z 7T3

613-725-3704

Cantec Representatives, Inc.

8 Strathearn Avenue - Unit #18
Brampton, Ontario, CANADA
L6T 4L8

416-791-5922

Cantec Representatives, Inc.
3639 Sources Road, Suite 116
Dollard des Ormeaux
Quebec, CANADA H9B 2K4
514-683-6131

(Alberta & Br. Columbia)
OPEN

CUIDAD, MEXICO (only)
Nelco Electronix

4801 General Bradley, N.E.
Albuquerque, NM 87111
505/293-1399

UNITED KINGDOM AND
CENTRAL EUROPE
Manhattan Skyline, Ltd.
Manhattan House, Bridge Road
Maidenhead, Berkshire
England, S16 8DB
44-628/75851
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UNITED KINGDOM AND
CENTRAL EUROPE (Continued)
Manbhattan Skyline Halbleiter und
Computerperipherie Vertriebs GmbH
Weisbadener Str. 5/5a

D-6204 Taunusstein-Hahn

West Germany

49-6128/23044

OVERVIEW

ITALY

Skylab s.r.1.

Electronic Components
Piazza Carbonari 12
20125 Milano

Italy
011/39-2-688-3806

FRANCE

Futur IDS

26, Rue de Versailles
78150 Le Chesnay
France
011/39-63-2626

JAPAN

Japan Macnics Corporation
516 Imaimanami-Cho
Kawasaki City, Kanagawa
211 Japan
011/81-44-711-0022

HONG KONG

Printed Circuits Int’l (HK), Ltd.
3rd Floor, Kin Yip Factory Bldg.
9 Cheung Yee Street

Cheung Sha Wan

Kowloon, Hong Kong
011/85-3743-1366

KOREA

Dongah Trading Corporation

7F, Dongah Building

14--2 Yoido-Dong, Youngdeungpo-GU
C.PO. Box 1815

Seoul, Korea

011/82-2-784-8312

19



SINGAPORE

Datasource Electronics Private Ltd.

1296 Toa Payoh Lor 1

#04-01 Siong Hoe Int’]l Building
Singapore 1231
011/65-258-2752 or 5066

TAIWAN

Prospect Technology Corporation
5, Lane 55, Long-Chiang Road
Taipei, Taiwan
011/886-2-721-9533

20

AUSTRAILIA, NEW ZEALAND
Energy Control Pty Ltd.

26 Boron Street

Sumner Park Qld. 4074

P.O. Box 6502, Goodna QId. 4300
Brisbane, Australia
011/61-7-376-2955
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53C90 ENHANCED SCSI PROCESSOR

Introduction
General Description

The NCR 53C90 Enhanced SCSI Processor
(ESP) is a high performance CMOS device which imple-
ments the ANSI X3.131-1986 SCSI Standard. The
53C90 operates in both the initiator and target roles and
can therefore be used in host adapter and control unit
applications.

The 53C90 performs such functions as bus arbi-
tration, selection of a target or reselection of an initiator.
It handles message, command, status and data transfer
between the SCSI bus and its 16 byte internal FIFO or a
buffer memory.

With its high level of integration, the ESP re-
places SCI interface circuitry, which typically consists of
discrete devices, external drivers, and/or lower per-
formance SCSI controllers.

The ESP maximizes protocol efficiency by uti-
lizing a command pipeline, composed of a dual-ranked
command register and transfer counter, and combination
commands to minimize host intervention. The 53C90
also maximizes Transfer Rates by sustaining Asynchro-
nous data rates over 3.0 MBytes/sec and Synchronous
data rates of 5.0 MBytes/sec. With its on-chip 48 mA
single-ended drivers and receivers, the ESP can be di-
rectly connected to the SCSI bus, hence minimizing
board space requirement. The highly integrated struc-
ture utilized by the ESP provides several benefits to its
users.

Enhanced SCSI Processor (ESP) Features
Summary

® Support of ANSI X3.131-1986 SCSI
standard

e Buffer Controller interface for I/O and fast
DMA

® On-chip 48 mA single-ended drivers and
receivers

e Control logic for differential transceivers

® Parity generation with optional checking

NCR SCSI Products 04/88

Initiator and target roles supported

Asynchronous data transfers over 3.0Mbytes
per second

Synchronous data transfers to 5.0Mbytes per

second

—Programmable synchronous transfer
period

—Programmable synchronous transfer off-
sets up to 15

Sixteen-byte data FIFO between the DMA
and SCSI channels

Pipelined command structure

Common SCSI sequences without micropro-

cessor intervention

—Selection sequence, from arbitration
through command

—Reselection sequence, from arbitration
through message

—Bus-initiated selection through received
command

—Bus-initiated reselection through received
message

—Command complete sequences

—Terminate and disconnect sequences

Interrupts microprocessor only when service

is required

—Disconnect or bus reset

—Selection/reselection sequence complete

—Target mode command complete or ATN
detected

—Initiator mode command complete or
phase change detected

—Waits until the phase is stable and REQ is
asserted

Clock rate up to 25 MHz

Interfaces to eight-bit microprocessor data
bus with minimal support logic

CMOS low power requirements

68 pin PLCC and 80 pin QFP packages

23
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ESP Pin Description

The ESP pins are described below. The pin type is indi-
cated by “I” for input, “O” for output and “B”’ for bi-
directional.

DMA Interface Pins
w
_5
DMA Interface 23
«»o
Pin# | Type | Signal Description <
41, B DB7-DBO Active-high data bus connected to the DMA Controller, CPU
68-65 and buffer memory. Each pad contains a pullup to Vdd
(12.5K Q minimum).
60-57| | A3-A0 Active-high address bus which specifies one of the ESP's
internal registers for reading or writing.
56 ! cs/ Active-low chip select signal which enables access to the
ESP's internal registers. CS/ and DACK/ must never be active
at the same time.
55 | RD/ Active-low read signal which enables ESP data onto DB7-DBO0.
CS/ or DACK/ must also be active.
54 ! WR/ Active-low write signal which strobes DB7-DBO data into the ESP.
CS/ or DACK/ must also be active.
53 o DREQ Active-high DMA request to the DMA Controller.
52 | DACK/ Active-low DMA acknowledge signal from the DMA Controller.
CS/ and DACK/ must never be active at the same time.
61 o INT/ Active-low, open drain interrupt signal to the microprocessor.
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Miscellaneous Pins

26

Miscellaneous Pins

Pin #

Type

Signal

Description

50

49

62

51

15, 48

16, 21
27,32
38, 64

IGS

TGS

DIFFM

RESET

RESETO

CLK

VvDD

VSS

Active-high initiator group select signal. This pin is high whenever
the ESP:is in initiator mode. It is used in differential mode to enable
the initiator signals (ACKO/, ATNO/). When low the ESP should

be receiving these signals.

Active-high target group select signal. This pin is high whenever
the ESP is in target mode. It is used in differential mode to
enable the target signals (REQO/, MSGO/, CDO/, I00/). When
low the ESP should be receiving these signals.

Differential mode enable. When this pin is grounded the ESP
operates in single-ended mode, with separate SCSI data input
and output buses. When this pin is high the ESP operates in
differential mode, with bidirectional SCSI data on the SDI pins
and active high differential transceiver enables on the SDO pins.

Active-high chip reset. When this pin is high the ESP registers
and sequencers are initialized. This pin must not be connected to
the RESETO pin.

Active-high reset output. This pin is asserted whenever the
RESET input pin is active. Itis also asserted when a SCSI
reset interrupt timeout occurs.

Square wave clock which generates internal chip timing. The
maximum frequency is 25 MHz. For synchronous transfers,
the minimum is 13 MHz. A minimum of 10MHz is required for
asynchronous transfers.

+5V power input (2 pins)

Ground reference (6 pins)

NCR SCSI Products
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SCSI Bus Interface Pins

SCSI Bus Interface
Pin # | Type Signal Description

25221 O SDO7/-SDO0/ | 48 mA, open drain SCSI data/parity bus. In single-ended mode (DIFFM=0),

20-17 these pins output active-low data signals to the SCSI bus. In differential mode

26 o SDOP/ (DIFFM=1), these pins are used to control the direction of external differential
transceivers. When a pin is high, the direction is out to the SCSI bus.

13-6 | B SDI7/-SDI0/ Schmitt trigger, active-low SCSI data/parity bus. In single-ended mode

14 SDIP/ (DIFFM-0), these pins are used strictly for input from the SCSI bus. In
differential mode (DIFFM=1), these pins carry bidirectional data/parity to
and from the external SCSI bus transceivers.

28 (o] SELO/ 48 mA, open drain SCSI select signal. In single-ended mode, this pin is active
low. In differential mode, this pin is active high. The pin is asserted by the chig
when it attempts to select or reselect a SCSI device.

29 o BSYO/ 48 mA, open drain SCSI busy signal. In single-ended mode, this pin is active
low. In differential mode, this pin is active high.

36 (o] ATNO/ 48 mA, open drain, active-low SCSI attention signal. This pin is only asserted
when the ESP is in initiator mode.

31 o ACKO/ 48 mA, open drain, active-low SCSI acknowledge signal. This pin is only
asserted when the ESP is in the initiator mode.

30 (o] REQO/ 48 mA, open drain, active-low SCSI request signal. This pin is only asserted
when the ESP is in target mode.

33-35| O MSGO/, 48 mA, open drain, active-low SCSI phase signals. These pins are only

CDO/, 100/ asserted when the ESP is in target mode. ’

37 (0] RSTO/ 48 mA, open drain SCSI reset signal. In single-ended mode, this pin is active
low. In differential mode, this pin is active high.

39 | SELV/ Schmitt trigger, active-low SCSI select signal.

40 | BSYV Schmitt trigger, active-low SCSI busy signal.

41 ! REQV Schmitt trigger, active-low SCSI request signal.

42 | ACKU/ Schmitt trigger, active-low SCSI acknowledge signal.

43 | MSGI/ Schmitt trigger, active-low SCS! message signal.

44 | cDv Schmitt trigger, active-low SCSI control/data signal.

45 | [o]} Schmitt trigger, active-low SCS! input/output signal.

46 | ATNV/ Schmitt trigger, active-low SCSI attention signal.

47 | RSTV Schmitt trigger, active-low SCSI reset signal.

NCR SCSI Products
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Differential Mode Enable Pin

The differential mode enable pin alters the
SCSI data paths in the ESP. When the pin is grounded,
the ESP operates in single-ended mode with the SDI and
SDO buses providing separate input data and output
data, respectively. That is, the ESP drives data out on
SDO7/-SDO0/ and receives data on SD17/-SDIO/. The
SCSI data and control pins are all negative true.

When the differential mode enable pin is high,
the SDI bus becomes a bidirectional data bus and the
SDO bus is used to control the external differential trans-
ceivers. The transceivers have positive true output en-
ables and negative true input enables. They are
configured as all driving or all receiving, except during

ESP 68 Pin PLCC Pin Diagram

Ll spi3/
Llsoi2/
—1spi1/
—] spio/
LA DIFFM
—] oBS

sDl4/
sDIS/
SDI6/
sDI7/
SDIP/

VDD

vss
$D00/ 17
spo1/
sp02/

18
19
sDo3/ 20

vss
sbo4/

sD0S/

21
22
23
sD06/
spo7v/
SpoP/

24
25

26
27 28 29

30 31 32

[
w
>

vss
SELO/
BSYo/
MSGO/
coo/

28

100/

arbitration when only the bus ID bit is driven and all
other bits are received. In addition, the polarity of the
RSTO/, SELO/, and BSYO/ pins are set to positive true
to enable external differential drivers for these signals.

Since the TGS and IGS output pins are true
when the ESP is in target or initiator mode, respectively,
they may be used to enable external differential drivers
for the target and initiator groups of signals:

Target Signals Initiator Signals

REQO/ ACKO/
MSGO/ ATNO/
CDO/
100/
o
[
MmN — o ® oo 6 o~
[-] W O O U w w oz
o 0 06 > @ « =
NERiRanannnii

A3
A2

Al

AO
cs/
RD/
WR/
DREQ
DACK/

CLK

IGS
TGS

¥DD
RSTI/
ATNI/

101/
cou/

34 35 36

ATNO/
RSTO/
vss
ACKI/
MSGI/
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User-Accessible Register and
Counters

The ESP has a number of registers which are
used to configure, command, monitor, and pass data to
the chip. These registers are listed in the table below and

more fully described in the paragraphs that follow.

# Read Write
0 | Transfer counter lo | Transfer count lo
(LSB) (LSB)
1 Transfer counter hi | Transfer count hi
(MSB) (MSB)
2 | FIFO FIFO
3 | Command Command
4 | Status Select/reselect bus
ID
5 | Interrupt status Select/reselect
timeout
6 | Sequence step Sync period
7 | FIFO flags Sync offset
8 | Configuration Configuration
9 NCR Reserved Clock conversion
factor
A | NCR Reserved Test

Transfer Counter - Address 0,1 (Read only)

This 16-bit counter is used by the DMA com-
mands and by the command sequence. It is loaded at the
beginning of a DMA command (the contents of the
Transfer Count Register is loaded into it) and when re-
ceiving a SCSI command (it is loaded with the decoded
length of the command). The counter may be read to
help determine the number of bytes remaining to be
transferred if a sequence terminates early.

Transfer Count Register - Address 0,1
(Write only)

This 16-bit register is normally loaded prior to
writing a command to the Command Register. The value
in this register is transferred to the Transfer Counter at
the beginning of a command which used DMA. The
Transfer Count need only be loaded once for successive
DMA command using the same count. Zero specifies
maximum count (65536).

FIFO Register - Address 2 (Read/Write)
The FIFO is a 16-byte deep, first-in-first-out

buffer between the SCSI bus and buffer memory. It is ac-
cessible by the microprocessor via this register.

NCR SCSI Products 04/88

Command Register - Address 3
(Read/Write)

The Command Register is an eight-bit read/
write register used to give commands to the ESP. The re-
gister is double ranked, enabling the microprocessor to
stack commands to the ESP. Once the bottom command
has been completed and reported, the top command (if
present) will fall to the bottom and execute. The value of
the last executed (or executing) command will be con-
tained in the bottom of the Command Register.

Bit7  Enable DMA
When this bit is reset (0) and sending, the chip
transmits data to the SCSI bus from the FIFO
until it is empty. It does not modify the transfer
counter.

‘When this bit is reset (0) and receiving, the chip
receives a single byte into the FIFO. It does not
modify the transfer counter.

When this bit is set (1) and sending, data will be
transferred through the DMA channel into the
FIFO. The counter is decremented as bytes are
received by the DMA channel. Data will con-
tinue to be transmitted to the SCSI bus from the
FIFO until it is empty and the transfer counter
is zero.

When this bit is set (1) and receiving, the chip
receives from the SCSI bus the number of bytes
specified in the transfer counter into the FIFO,
decrementing the transfer counter as bytes are
received. Data will be transferred to the DMA
channel from the FIFO until it is empty and the
transfer counter is zero.

When this bit is receiving synchronous data in
the Initiator mode, the transfer counter is decre-
mented as bytes are removed by the DMA
channel. The transfer completes when the
transfer counter is zero.

Bit 6-0 Command Code
The ESP responds to 26 commands, by which
the microprocessor can initiate data transfers,
prepare the controller for selection, etc. Bits 6-
4 specify the command mode:

Bit 6 Disconnected Mode
Bit 5 Target Mode
Bit 4 [Initiator Mode

Bit 3-0 specify the command within the
mode group.

29
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Command Summary

The ESP’s Command set is listed in the following table.

30

Bits
7654 3210 Command Int
MISC
x000 0000 NOP no
x000 0001 Flush FIFO no
x000 0010 Reset Chip no
x000 0011 Reset SCSI bus no*
DISCONNECTED
x100 0000 Reselect sequence yes
x100 0001 Select without ATN sequence yes
x100 0010 Select with ATN sequence yes
x100 0011 Select with ATN and stop sequence yes
x100 0100 Enable selection/reselection no
x100 0101 Disable selection/reselection yes
TARGET
x010 0000 Send message yes
x010 0001 Send status yes
x010 0010 Send data yes
x010 0011 Disconnect sequence yes
x010 0100 Terminate sequence yes
x010 0101 Target command complete sequence yes
x010 0111 Disconnect no
x010 1000 Receive message sequence yes
x010 1001 Receive command yes
x010 1010 Receive data yes
x010 1011 Receive command sequence yes
INITIATOR
x001 0000 Transfer information yes
x001 0001 Initiator command complete sequence yes
x001 0010 Message accepted yes
x001 1000 Transfer pad yes
x001 1010 Set ATN no

*External connection of the RSTO/ pin to RSTI/ pin causes an interrupt
if the SCSI reset interrupt is not disabled in the Configuration Register.

NCR SCSI Products
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An illegal interrupt is generated if the ESP is
not currently in the mode specified by bits 6-4, or if bits
3-0 specify an unsupported command.

Certain conditions clear the Command Regis-
ter, as summarized below:

® Chip reset
® SCSI bus reset or disconnect

® Completion of bus-initiated selection or rese-
lection

e Completion of a select command

* Completion of a Reselect Command if ATN
is asserted

® Select or reselect timeout

* Completion of a target disconnect or termi-
nate command

® Bad parity received in the target mode

® Assertion of ATN in target mode

® Phase change during an initiator transfer

® Unexpected phase change during an initiator
sequence

o Illegal command

Note the RESET chip and RESET SCSI Bus
commands execute as soon as they are loaded into the
top of the Command Register.

Status Register - Address 4 (Read only)

This eight-bit read-only register contains fields to indi-
cate the status of the chip and to qualify the reason for an
interrupt. Because several of these fields are reset when
the Interrupt Register is read, the Status Register should
always be read prior to the Interrupt Register. The fields
within the Status Register are defined below.

L leTele o] 0]
| —=

Transfer Complete
Transfer Count Zero
Parity Error

Gross Error
Reserved
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Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Reserved

Gross Error
This status bit is set (1) when one of the follow-
ing has occurred:

1. The top of the FIFO has been overwritten

2. The top of the Command Register has been
overwritten

3. A DMA transfer occurs in the wrong direc-
tion

4. A phase change occurs in the middle of an
initiator synchronous data transfer.

No interrupt is generated by the ESP when a
gross error is detected. Bit 6 resets (0) if the In-
terrupt Register is read when the interrupt pin is
active.

Parity Error

This bit is set to a one when parity is enabled in
the Configuration Register and the ESP detects
a parity error on a byte received from the SCSI
bus. It is cleared if the Interrupt Register is read
when the interrupt pin is active.

Transfer Count Zero

This bit is set (1) when the Transfer Counter de-
crements to zero. It resets when the Transfer
Counter is loaded.

Transfer Complete

This status bit is set to a one during the target
command sequence if the received command is
in one of the non-reserved groups (0, 1, 5, 6 or
7). It is reset, if the Interrupt Register is read
when the interrupt pin is active.

Bits 2-0 SCSI Phase

Bits 2 through 0 indicate the state of the SCSI
MSG, C/D and I/O signals, respectively. These
bits define the information phase being asserted
by the target.

Bits

210 SCSI Bus Phase

000 Data out

001 Data in

010 Command

011 Status

100 Reserved for future standardization
101 Reserved for future standardization
110 Message out

111 Message in
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Select/Reselect Bus ID Register - Address 4
(Write only)

The Select/Reselect Bus ID Register is a three-
bit write-only register which specified the encoded desti-
nation bus ID for a Select or Reselect command. (least
significant 3 bits)

Interrupt Status Register - Address 5 (Read
only)

This eight-bit read-only register is used in con-
junction with the Status Register and Sequence Counter
to determine the cause of an interrupt.

Clefeleof=]o 0]
L__._..Seleaed‘

Reselected

Function Complete
Bus Service
Disconnect

llegal Command
SCSI Reset Detected

Bit 7  SCSI Reset Detected
This bit is set if the SCSI reset interrupt disable
bit is zero in the Configuration Register and the
chip detects a reset on the SCSI bus. If the in-
terrupt is not serviced in T1 ms, the chip will
assert RESETO for T2 ps. (See below)

1) 72—
i~ wxower I
T1 = 2 (Clock Period) [(Clock Conversion

Factor ¢3841)-1]

T2 = 2 (Clock Period) [(65) (Clock Conver-
sion Factor)]

Example: Clock = 24MHz, CCF = 5

T1 = 1.60033ms
T2 = 27.0833us
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Bit6  Illegal Command
This bit is. set when the ESP detects an unused
code or illegal command.

Bit5  Disconnect

This bit is set when the ESP is in initiator mode
and the target disconnects from the bus, or if a
selection or reselection timeout occurs. In the
target mode, this bit is set when the Terminate
Sequence or Command Complete Sequence
command disconnects the ESP from the SCSI
bus.

Bit4  Bus Service
In target mode, this bit is set when the ATN sig-
nal is asserted, indicating the initiator is re-
questing service. In initiator mode, this bit will
be set on command completion unless a mes-
sage is received and ACK is still asserted.

Bit3  Function Complete
This bit is set to indicate that an interrupting-
type disconnected or target state command has
completed. In initiator mode, this bit will be set
when a message has been received and ACK is
being asserted.

Bit2  Reselected
This bit is set to indicate the chip has been rese-
lected as an initiator.

Bit1  Selected with ATN
This bit is identical to the selected bit except it
indicates that the initiator asserted ATN during
selection.

Bit0  Selected
This bit is set to indicate the chip has been se-
lected as a target.

Reading the Interrupt Register while the inter-
rupt pin is active, causes the interrupt pin, Interrupt Sta-
tus Register, and Sequence Step Registers to be cleared.
Always read the Status Register (and the Sequence Step
Register) prior to reading the Interrupt Register. If the
ESP is waiting for the interrupt to be cleared to report
the status of its command, the interrupt pin will be
reasserted.
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Select/Reselect Timeout Register - Address
5 (Write only)

The Select/Reselect Timeout Register is an
eight-bit write-only register which specifies the amount
of time to wait for a response during selection or reselec-
tion. This register is typically loaded to specify a timeout
period of 250 ms (93H at 24 MHz). To determine the
value for other timeouts use the following equation:

8192*CCF*tcp = TU
T/TU = Register Value (convert to Hex)

Where: CCF = Clock Conversion Factor
(See next page)
tcp = Input Clock Period
TU = Time Unit
T = Desired Timeout

Note: Maximum timeout = 255TU
Sequence Step - Address 6 (Read only)

The Sequence Step Register is an eight-bit read-
only register which indicates the current substep within
certain ESP sequences when an interrupt occurs. The
least significant three bits from an incrementing se-
quence to indicate which steps of a sequence were exe-
cuted prior to the interrupt. The upper five bits are
reserved. (Refer to page 45)

The sequences that utilize this register are:

Target Initiator
Bus Initiated Selection Select with ATN

with ATN Bus Initiated

Selection

Receive Command Select with ATN and
Sequence Stop

Command Complete Select without ATN
Sequence

Disconnect Sequence
Terminate Sequence

HOBRDRRD
[T ] C T 1

3
l I Reserved

Step
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Synchronous Transfer Period Register -
Address 6 (Write only)

The Synchronous Transfer Period Register is a
five-bit write-only register which specifies the minimum
time between leading edges of successive REQ or ACK
pulses. The time unit is the input clock period. The mini-
mum transfer period is five cycles and the maximum is
35 cycles. The default value is five cycles.

Lofelefefol=] o]

llllllll

Sync Transfer
Reserved

FIFO Flags Register - Address 7 (Read
only)

This is a read-only register. The least signifi-
cant five bits encode the sixteen FIFO full flags to indi-
cate the number of bytes remaining in the FIFO. The
remaining bits are reserved.

FIFO Flags
Reserved

Synchronous Offset Register - Address 7
(Write only)

The Synchronous Offset Register is a four-bit
write-only register (bits 3-0) which specifies the maxi-
mum REQ/ACK offset allowed during synchronous
transfers. An offsett of zero specifies an asynchronous
operation.

Configuration Register - Address 8
(Read/Write)

This eight-bit read/write register is used to
specify different operating options for the ESP. The bits
are defined on next page.

Llefelefelel fe]

BusID
Chip Test Mode
Parity Enable

Parity Test Mode
SCS! Reset Int Disable

Slow Cable Mode
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Bit 7  Slow Cable Mode

When set, this bit increases the minimum data
setup time from two cycles to three when trans-
mitting to the SCSI bus. The minimum asynch-
ronous and synchronous transmit periods are
also increased to four and six cycles, respec-
tively. This bit should be enabled if excessive
capacitance on the SCSI cable causes SCSI tim-
ing violations.

Bit 6  SCSI Reset Interrupt Disable
This bit disables the reporting of a SCSI reset
condition. If a SCSI reset occurs with this bit
set, the ESP will disconnect from the SCSI bus
and remain in the idle state without reporting an
interrupt or timing out the response.

Bit5  Parity Test Mode
This bit causes the parity output to the SCSI bus
to be generated from Bit 7 of the transmitted
byte, rather than from the parity generator. This
facilitates system debug by allowing the MPU
to force bad parity on any byte. This bit must
not be enabled in normal operation.

Bit4  Parity Enable
When set (1), this bit enables parity checking
whenever data is read from SCSI bus except
during arbitration and when receiving pad
bytes.

Bit3  Chip Test Mode
When set (1), this bit enables special test cir-
cuitry which is used during chip test. This mode
must not be enabled in normal operation.

Bits 2-0 Bus ID
The bus ID is a three-bit field which specifies
the encoded value of the SCSI Bus ID to which
the ESP chip responds during a bus-initiated se-
lection or reselection, and the bus ID to assert
during arbitration and selection or reselection.

Clock Conversion Register - Address 9
(Write only)

The Clock Conversion Factor is a three-bit
write-only register which is used for generating all
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timings in the ESP longer than 400 ns. The Clock Con-
version Factor must never be loaded with the value 1.

Clock Conversion Factor = 200/tcp

Where: tcp = input clock period (ns)
CLK Freq (MHz) CLK Conv. Factor
10 2
10.01 to 15 3
15.01 to 20 4
20.01 to 25 5

Lrlelefefo]ef ]e]
L1

5
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Test Register - Address A (Write only)

This write-only register utilizes the least signif-
icant three bits to place the chip in various mades for
testing. To set these bits, first put the ESP into test mode
by setting bit 3 of the Configuration Register. Next load
the appropriate bit value into the Test Register. To clear
the test mode, the ESP must be reset by either asserting
the RESET input or issuing a RESET chip command.
Caution must be exercised when using this register.

Lolefefeofe] o]
L—— Target Mode
Initiator Mode
————————————Tristate Mode
NCR Reserved

Bit2  Tri-State Test Mode
This mode allows the ESP to support board-
level automatic testing. When this bit is set, all
bidirectional and output pins are forced into a
high impedance state, regardless of the chip in-
puts.

Bit 1  Initiator Mode
This bit, when set, will put the ESP into the ini-
tiator mode.

Bit0  Target Mode

When this bit is set, the ESP is placed into the
target mode.
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Sequencer

The sequencer modules are briefly described
below. These modules are used internally by the ESP
and are not user accessible. However, they are used by
commands/registers as described. Refer to the functional
description section for more information (See page 37).

Bus Delay Module

The bus delay module detects whether the SCSI
bus has been in the bus free state for more than a bus set-
tle delay plus a bus free delay (1200 ns min).

The module also generates the timing for a bus
settle delay (400 ns min), an arbitration delay (2200 ns
min), a reset hold delay (25 us min), a selection abort de-
lay (200 ps), and the select/reselect timeout clock (1.7
ms). The module contains a twelve bit counter clocked
by the conversion clock to generate the timing.

Phase Monitor Module

The phase monitor module monitors the SCSI
bus to detect phase changes. If the ESP is an initiator and
BSY and SEL are both released, a disconnect interrupt is
generated and the sequencer is halted.

DMA Controller Interface

The DMA controller interface performs the ac-
tual transfers over the DMA channel. The module is
coupled to the transfer counter and the FIFO.

SCSI Interface Modules

The SCSI interface modules perform the actual
transfers over the SCSI bus. The mode of operation de-
pends on whether the transfers are synchronous or asyn-
chronous, single or multi-byte, target or initiator, and
single ended or differential. The SCSI interface modules
are coupled to the Transfer Counter, the FIFO, Synchro-
nous Transfer Period Counter, and Synchronous Offset
Counter. These modules are used internally by the ESP
and are not accessible. However, these are used by the
various commands/registers.
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Odd parity is generated for the SCSI data out
bus. If the number of asserted data bits is even, the par-
ity bit is asserted. Parity is checked on the SCSI data-in
bus if parity checking is enabled in the Configuration
Register. During arbitration and when receiving pad
bytes, parity is not checked.

Bus Initiated Selection/Reselection

The Bus Initiated Selection/Reselection se-
quence responds to selection by a SCSI initiator, includ-
ing checking for and receiving an identify message and a
command block. It also responds to reselection by a
SCSI target, including checking for and receiving a mes-
sage byte.

Command Sequence

The Command Sequence module decodes the
length of an incoming command from information in the
first byte, loads the transfer counter, and receives the ap-
propriate number of bytes as described in the functional
description (See page 37).

Disconnected State Commands

The Disconnected State Commands module ar-
bitrates and selects a SCSI target with optional message
and command transmission, or reselects a SCSI initiator
with message byte transmission, as described in the
functional description (See page 39).

Target Commands

The Target Commands module implements the
target mode commands, as described in the functional
description (See page 40).
Initiator Commands

The Initiator Commands module implements

the initiator mode commands, as described in the func-
tional description (See page 42).
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Miscellaneous Blocks

The following section describes various func-
tional blocks that are utilized within the ESP. These
modules/blocks are for information only and are not user
accessible.

ID Module

The ID module determines whether there is an
ID match by using the three-bit bus ID contained in the
configuration register to pick a bit in the SCSI data-in
bus. It also determines if the proper number of bits are
set.

The ID module also checks the SCSI data bus
for a set bit which is higher than the bus ID contained in
the configuration register. If there is none, the ESP has
won arbitration. :

If the ESP is in the Arbitration Phase, the ID
module generates the destination ID which is the OR of
the arbitration ID and the decoded select/reselect bus ID.
The parity bit is always asserted, which forces bad parity
if the select/reselect ID is inadvertently set equal to the
arbitration ID.

Read/Write Control

The Read/Write Control Module handles the
1/0 interface with the DMA Controller when the micro-
processor wishes to access one of the user-accessible re-
gisters in the ESP.

Select/Reselect Timer

The Select/Reselect timer is an eight-bit timer
which is clocked by the sequencer bus delay module.
With a 24 MHz chip clock, the timer is clocked approxi-
mately once every 1.7 ms. The timer is compared with
the Select/Reselect Timeout Register to determine
whether a select/reselect timeout has occurred (See page
11).

Synchronous Offset Counter

The synchronous offset counter is a four-bit up/
down counter used to control synchronous data
transfers.

The offset counter also contains logic to detect

whether the counter is zero or if it is equal to the contents
of the synchronous offset register.
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Command Decode

The command decode circuit decodes bit 7-5 of
the first byte received in the command phase to deter-
mine the command group and thus the length of the in-
coming command. The byte is decoded from the top of
the FIFO.

SCSI Command Block Description

Group Bytes Stored  Description

0 6 Six-byte command

1 10 Ten-byte command

2 6 Reserved

3 6 Reserved

4 6 Reserved

5 12 Twelve-byte command

6 6 Vendor unique (six bytes)
7 10 Vendor unique (ten bytes)

Sequencer Mode Register

The Sequencer Mode Register stores informa-
tion about the sequencer. The fields within the register
are defined below.

Target
Indicates that the ESP is a target. This bit drives the TGS

output pin which controls the target group of trans-
ceivers when operating with differential drivers.

Initiator

Indicates that the ESP is an initiator. This bit drives the
IGS output pin which controls the initiator group of
transceivers when operating with differential drivers.

Select/Reselect Enable

Indicates that the ESP has received an Enable Selection/
Reselection command, enabling it to perform the bus-
initiated selection and reselection sequences.

Select/Reselect DMA Enable

Indicates that the Enable Selection/Reselection com-
mand was issued with the DMA bit set. If this bit is set
and the microprocessor issues a Select or Reselect com-
mand with DMA, an illegal command interrupt is
generated.
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Functional Description

The following section contains the functional
descriptions for the ESP including Bus Initiated Se-
quences, Commands and Flow Charts.

Initialization

The ESP has three levels of reset. The hard re-
set (H), applied when the reset pin is high or when a Re-
set Chip command is executed, resets the entire chip.
The soft reset (R), applied when HRST or SCSI bus re-
set is active, resets a subset of the functions reset by the
hard reset. The disconnect reset (D), applied when the
soft reset is active or a disconnect occurs, resets a subset
of the functions reset by the soft reset.

Initialization for Different Levels of Reset

Reset  Description

Set clock conversion factor to 2
Clear configuration register bits:
Chip test mode = 0
Parity enable = 0
Parity test mode = 0
SCSI reset interrupt disable = 0
Slow cable mode = 0
Initialize FIFO to empty
Set synchronous period to 5
Set synchronous offset to 0
Release SCSI RSTO signal*
Release interrupt pin
Clear interrupt register to 0
Clear status register bits:
Transfer complete = 0
Parity error = 0
Gross error = 0
Transfer count zero = 0
Reset DMA interface
Reset bus-initiated selection/reselection module
Reset command sequence module
Reset sequence step
Clear sequencer mode bits:
HR Enable sel/resel = 0
HRD Target = 0
HRD Initiator = 0
HRD Initialize command register FIFO to empty
HRD  Release all SCSI signals*
HRD  Reset disconnect, initiator, and target command
modules

*Note: RSTO/ is only released by a Hard (H) reset
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When the RESET input signal is asserted, it is
recognized immediately by the ESP, but the chip releases
it internally in a synchronous manner, 0.5 to 1.5 cycles
after RESET is released. RESET must be asserted for a
minimum of two clock cycles.

The reset output pin, RESETO, is the OR or
RESET and the SCSI reset interrupt timeout, described
on next page. RESETO is generally used to reset the mi-
croprocessor and other onboard circuitry.

The microprocessor should program the fol-
lowing registers as part of its start up procedure:

-Configuration Register
-Clock Conversion Factor

The microprocessor must initialize the follow-
ing registers prior to their use, since they are not initial-
ized by a chip reset:

-Bus ID (in the Configuration Register)
-Transfer Count low and high bytes
-Select/Reselect bus ID
-Select/Reselect timeout

Bus Initiated Sequences

BUS INITIATED SEQUENCES
Selection

Reselection

SCSI Bus Reset

Bus Initiated sequences occur during the dis-
connected state when the ESP chip is selected or rese-
lected by another initiator or target. The Enable
Selection/Reselection command must have been issued
before either sequence will be initiated. Bit 7 of the En-
able Selection/Reselection command enables DMA dur-
ing the Bus Initiated Sequences. If bit 7 is zero, any
information transferred during one of these sequences
will be stored in the FIFO. If bit 7 is a one, the informa-
tion will be stored in memory using DMA.

These sequences reduce processor overhead by
automating the processes and creating an interrupt only
after a process is complete or an abnormal condition
occurs.
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The Select and Reselect command sequences
automatically disable Bus Initiated selection/reselection
after completing the selection or reselection. Normally,
the microprocessor has 250 ms (the recommended
select/reselect timeout) to issue the Enable Selection/
Reselection command to the ESP chip after the chip dis-
connects from the bus. If this time is exceeded, an
initiator or target which is attempting to select or reselect
the ESP chip may timeout.

While a Bus Initiated Sequence is in progress,
the command register is held reset. If a command is is-
sued while a Bus Initiated sequence is in progress, the
command will be ignored. If a Select or Reselect com-
mand was executing when the bus-initiated sequence be-
gan, the command will abort.

Selection

The Selection sequence will be performed when
the Enable Selection/Reselection command has been is-
sued and the chip is selected as a target by an initiator.

If the sequence completes normally, the follow-
ing data will have been transferred from the initiator:

Selection bus ID 1 Byte
Identify message 1 Byte
Command descriptor block 6,10 or 12 Bytes

This data will be in the FIFO if the Enable
Selection/Reselection command was issued without
DMA enabled.

The selection bus ID byte is stored to enable the
microprocessor to determine the initiator’s ID. (The byte
is not encoded). The absence of an initiator ID indicates
that the system is in single-initiator mode.

The sequence terminates early if the received
message byte is not an Identify message, if ATN is still
asserted after the Identify message has been received, or
if bad parity is received.

Reselection

The Reselection sequence will be performed
when the Enable Selection/Reselection command has
been issued and the chip is reselected as an initiator by a
target.

If the sequence completes normally, the follow-
ing data will have been transferred from the target:

Reselection bus ID 1 Byte
Message In (Identify) 1 Byte
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The data will be in the FIFO if the Enable
Selection/Reselection command was issued without
DMA enabled.

The reselection bus ID byte is stored to enable
the microprocessor to determine the target’s ID. The
byte is not encoded.

If the message byte was received, ACK will
still be asserted on the SCSI bus and the host processor
must issue a Message Accepted command to the ESP
chip to release it. The host processor may reject the mes-
sage by issuing the Assert ATN command prior to the
Message Accepted command.

The sequence terminates early if Message In
Phase was not asserted by the target.

SCSI Bus Reset

A SCSI bus reset may occur when the ESP is in
any mode. The reset causes the ESP to disconnect from
the SCSI bus and reset several internal states. (See Ini-
tialization, page 37).

If the SCSI reset interrupt has not been disabled
in the configuration register, the ESP will set the inter-
rupt bit and generate an interrupt to the microprocessor.
If the interrupt is not serviced in approximately 1.7 ms,
the ESP will assert the RESETO pin for 25 us. (See page
32). It then loops back to wait another 1.7 ms for the in-
terrupt to be serviced. This provides a watchdog timeout
on the SCSI reset interrupt which can be used to reset the
rest of the board in the event that the microprocessor is
locked in an erroneous state.

If the SCSI bus reset is still active when the mi-
croprocessor clears the interrupt, a new interrupt will be
generated which must be serviced.

Commands

The microprocessor issues commands to the
ESP by writing to the dual-ranked Command Register.
Caution should be exercised when overlapping com-
mands to the ESP chip. Commands which transfer data
in one direction should not be overlapped with com-
mands that transfer data in the opposite direction. Also,
for overlapped DMA commands, the transfer count must
be loaded prior to loading the corresponding command.
Care should be taken when overlapping non-DMA trans-
mit commands, since many commands will completely
empty the FIFO leaving nothing for the second com-
mand to transmit.
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The 53C90 command set is divided into Dis-
connected, Target, Initiator, and Miscellaneous types:

Disconnected State Commands

The following commands are valid only when
the 53C90 is in the disconnected state.

DISCONNECTED STATE COMMANDS

Non-DMA  DMA

40 Cco Reselect Sequence

41 C1 Select without ATN
Sequence

41 Cc2 Select with ATN Sequence

42 C3 Select with ATN and Stop
Sequence

44 C4 Enable
Selection/Reselection

45 C5 Disable
Selection/Reselection

If any of these commands are issued when the
chip is not in a disconnected state, they will be ignored,
the chip will generate an illegal command interrupt, and
the Command Register will be cleared.

These sequences reduce processor overhead by
automating the Selection or Reselection process. An in-
terrupt is generated only after the entire sequence is
complete or an abnormal condition occurs.

Reselect Sequence

This command will start the Reselect Sequence
to connect the ESP as a target to an initiator.

Prior to issuing this command the microproces-
sor must set the timeout register, Select/Reselect bus ID
registers and, if DMA is enabled, the Transfer Count
Register must be set to 1. If DMA is not enabled, the
message must be loaded into the FIFO prior to issuing
this command to the ESP.

When the Reselect Sequence completes, the fol-
lowing data will have transferred to the Initiator:
Identify Message 1 byte
The sequence terminates early if a Reselect ti-

meout occurs. This sequence does not use the Sequence
Step Register.
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Select without ATN Sequence

This command connects the chip as an intiator.
A command block is sent to the target.

Prior to issuing this command the microproces-
sor must set the Timeout Register, Select/Reselect bus
ID Registers and, if DMA is enabled, the Transfer Count
Register must be set to the total length of the command.
If DMA is not enabled, the data must be loaded into the
FIFO prior to giving the command.

When this command completes normally, the
following data will have transferred to the target:

Command Descriptor Block 6, 10, or 12 bytes

This command terminates early if:

-A select timeout occurs
-Target does not assert Command Phase
-Target removes Command Phase early

Select with ATN Sequence

The Select with ATN sequence command con-
nects the chip as an initiator. A message and command
block are sent to the target.

Prior to issuing this command the host proces-
sor must set the Timeout Register, Select/Reselect bus
ID Registers and, if DMA is enabled, the Transfer Count
Register must be set to the total length of the message
and command. If DMA is not enabled, the data must be
loaded into the FIFO prior to issuing this command.

The following data is transferred if Select with
ATN completes normally:

Identify Message
Command Descriptor Block

1 byte
6, 10, or 12 bytes

The message can only be one byte in length.
This command terminates early if:

-Select timeout occurs

-Target does not assert Message Out or Com-
mand Phase

-Target removes Command Phase early
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Select with ATN and Stop Sequence

The Select with ATN and Stop sequence com-
mand should be used instead of the Select with ATN se-
quence if a message longer than one byte must be
transferred. This command will start the Select sequence
and stop after one message byte has been sent. ATN will
remain asserted on the SCSI bus after the sequence com-
pletes. This allows the Initiator to send another message
after the ID message has been sent.

This command terminates early if:

-Select timeout occurs
-Target does not assert Message Out Phase

This command is used to transfer extended
messages such as Modify Data Pointers, Synchronous
Data Transfer Requests and Extended Identify.

Enable Selection/Reselection

This command allows the ESP to respond to
bus-initiated selection or reselection. Normally, this
command is issued by the microprocessor to the ESP
within 250ms (recommended select/reselect timeout) af-
ter the chip disconnects from the bus.

If DMA is enabled, the ESP will DMA the re-
ceived data to buffer memory. If this bit is a zero, the re-
ceived data will be left in the FIFO.

Disable Selection/Reselection

The Disable Selection/Reselection command
disables the ESP from responding to bus-initiated selec-
tion or reselection. If the ESP has not yet begun a bus-
initiated selection or reselection sequence, this command
resets the internal mode bits which were previously set
by the Enable Selection/Reselection command. The ESP
then generates a function complete interrupt to the
microprocessor.

If bus initiated selection or reselection has al-
ready begun, the Command Register is held reset so that
all incoming commands are ignored. The ESP will gen-
erate selected or reselected interrupt when it completes.

Target Commands

The following commands are valid only when
the chip is connected as a target.
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TARGET COMMANDS

Non-DMA  DMA

20 A0 Send Message

21 A1l Send Status

22 A2 Send Data

23 A3 Disconnect Sequence

24 A4 Terminate Sequence

25 A5 Target Command Complete
Sequence

27 A7 Disconnect

28 A8 Receive Message
Sequence

29 A9 Receive Command

2A AA Receive Data

2B AB Receive Command
Sequence

If any of these commands are issued when the
chip is not in target mode, it will be ignored, the chip
will generate an illegal command interrupt, and the
Command Register will be cleared.

Prior to issuing a send command, if DMA is en-
abled, the transfer counter must be set to the total num-
ber of bytes to be read from buffer memory. If DMA is
not enabled, the data must be loaded into the FIFO.
Prior to issuing a receive command, if DMA is enabled
the Transfer Count must be loaded with the total number
of bytes to transfer from the SCSI bus. If DMA is not en-
abled, only one byte will be received into the FIFO.

Normally, the commands terminate with a func-
tion complete interrupt. If ATN is asserted, the bus serv-
ice interrupt is also set and the Command Register is
cleared.

If ATN is asserted when the ESP is idle, a bus
service interrupt is generated without the function com-
plete bit set and the Command Register will be cleared.

Send Message (Message In Phase)

This command will change the phase lines to
the Message In Phase and transmit bytes to the SCSI
bus.

A function complete interrupt will be generated
when the command is completed. If ATN is asserted dur-
ing the execution of the command, the bus service inter-
rupt will also be set, the Command Register will be
cleared, and the command will terminate early.
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Send Status (Status Phase)

This command will change the phase lines to
the Status Phase and transmit bytes to the SCSI bus.

A function complete interrupt will be generated
when the command is completed. If ATN is asserted dur-
ing the execution of the command, the bus service inter-
rupt will also be set, the Command Register will be
cleared, and the command will terminate early.

Send Data (Data In Phase)

This command will change the phase lines to
the Data In Phase and transmit bytes to the SCSI bus.

A function complete interrupt will be generated
when the command is completed. If ATN is asserted dur-
ing the execution of the command, the bus service inter-
rupt will also be set, the Command Register will be
cleared, and the command will terminate early.

Disconnect Sequence

This command will change the phase lines to
the Message In Phase, send two message bytes to the ini-
tiator, and then disconnect from the SCSI bus. The Save
Data Pointers and Disconnect messages will normally be
sent. A function-complete and disconnect interrupt will
be generated when the command is completed.

If ATN is asserted, the function complete and
bus-service bits will be set, the Command Register is
cleared, and the command will terminate early without
disconnecting.

Terminate Sequence

This command will change the phase lines to
the Status Phase and send one status byte, change to the
Message In Phase and send one message byte, and then
disconnect from the SCSI bus. This sequence is used to
complete a command and will normally send the status
followed by a Command Complete Message. A function
complete and disconnect interrupt will be generated
when the command is completed.

If ATN is asserted, the function-complete and
bus-service bits will be set, the Command Register is
cleared, and the command will terminate early without
disconnecting.
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Target Command Complete Sequence

This command will change the phase lines to
the Status Phase and send one status byte, then change to
the Message In Phase and send one message byte. This
sequence is used to complete a linked command and will
normally send the status followed by a Command Com-
plete message. A function complete interrupt will be
generated when the command is completed.

If ATN is asserted, the function-complete and
bus-service bits will be set, the Command Register is
cleared, and the command will terminate early without
disconnecting.

Disconnect

This command releases all SCSI bus signals ex-
cept RSTO and returns the ESP to a disconnected state
(refer to the earlier initialization description). No inter-
rupt is generated to the microprocessor.

Receive Message Sequence (Message Out Phase)

This command causes the ESP chip to change
the phase lines to the Message Out Phase and receive
bytes from the SCSI bus. The sequence generates a func-
tion complete interrupt when the command is completed.
If ATN is still asserted, the bus service interrupt bit will
also be set and the Command Register will be cleared.

If a parity error is detected, the ESP chip will
receive message bytes and discard them until ATN is
false. A function complete interrupt is generated, and
the Command Register is cleared.

Receive Command (Command Phase)

This command will change the phase lines to
the Command Phase and receives bytes from the SCSI
bus. A function complete interrupt will be generated
when the command is completed. Also, if bad parity was
received during the transfer the Command Register will
be cleared when the command completes.

If ATN is asserted during the execution of the
command, the bus service interrupt will also be set, the
Command Register will be cleared, and the command
will terminate early.
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Receive Data (Data Out Phase)

This command will change the phase lines to
the Data Out Phase and receive bytes from the SCSI bus.

A function complete interrupt will be generated
when the command is completed. Also, if bad parity was
received during the transfer, the Command Register will
be cleared.

If ATN is asserted during the execution of the
command, the bus service interrupt will also be set, the
Command Register will be cleared, and the command
will terminate early.

Receive Command Sequence (Command Phase)

This command will change the phase lines to
the Command Phase and receive bytes from the SCSI
bus. The ESP examines the first byte received to deter-
mine the length of the command. If the length is un-
known, the Transfer Counter will be loaded with 5 and
the Transfer Complete bit in the Status Register will be
cleared. Otherwise, the command is decoded, the Trans-
fer Counter is loaded with the appropriate value (5, 9 or
11), and the Transfer Complete bit is set.

If bad parity is detected, the sequence will ter-
minate early and the Command Register will be cleared.
If ATN is set, the sequence does not terminate early but
the bus service bit will be set and the Command Register
will be cleared when the sequence completes.

Initiator Commands

The following commands are valid only when
the chip is connected as an initiator. If any of these com-
mands are issued when the chip is not in Initiator mode
they will be ignored, the chip will generate an illegal
command interrupt, and the Command Register will be
cleared.

INITIATOR COMMANDS

Non-DMA DMA
10 90 Transfer Information
11 91 Initiator Command

Complete Sequence
12 92 Message Accepted
18 98 Transfer Pad
1A 9A Set ATN
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If BSY becomes false, the ESP generates a dis-
connect interrupt and returns to the disconnected state.
(See page 37) Due to synchronization latency, a discon-
nect is detected by the ESP 1.5 to 3.5 cycles after it actu-
ally occurs on the bus.

Prior to issuing a command to send data to the
SCSI bus, if DMA is enabled the transfer count must be
set to the total number of bytes to read from buffer mem-
ory. If DMA is not enabled, the data must be loaded into
the FIFO.

Prior to issuing a command to receive data
from the SCSI bus, if DMA is enabled the transfer count
must be loaded with the total number of bytes to transfer
from the SCSI bus. If DMA is not enabled, only one
byte will be accepted by the FIFO.

Received bytes are checked for parity if the par-
ity enable bit is set in the Configuration Register. If a
parity error is detected, the chip asserts ATN prior to
deasserting ACK for the byte which was error. It also
sets the parity error status bit.

Transfer Information

The Transfer Information command is used to
perform general transfers over the SCSI bus while in ini-
tiator mode. The ESP will continue to Transfer Informa-
tion until one of four terminating events occurs:

® The transfer is complete. If the phase is Mes-
sage Out, the chip removes ATN prior to as-
serting ACK for the last byte of the message.
When the target asserts REQ, a bus service
interrupt is generated.

The target changes the information phase be-
fore the expected number o1 bytes was trans-
ferred. The ESP clears the Command
Register and generates a bus service interrupt
when REQ is asserted by the target.

The target releases BSY, which generates a
disconnect interrupt and a disconnect reset
(refer to the earlier initialization descrip-
tion).

® The chip receives the last byte of a Message

In Phase. The chip leaves ACK asserted and
generates a function complete interrupt.
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A Transfer Information command to transfer
synchronous data must use DMA. Synchronous data in
transfers are unique in that the target may at any time
send data and REQ pulses to the initiator. These bytes
must be stored in the FIFO as they are sent. Initiator
transfers are handled internally as follows:

® All Message In and Status Phase transfer are
handled one byte at a time. If DMA is
enabled, the next byte will not be received
until the current byte has been written to
buffer memory and the FIFO is empty.

If the phase changes to Synchronous Data In,
the DMA interface is immediately disabled to ensure
that no data bytes are transferred to buffer memory.
Also, if bad parity is detected on the incoming data
bytes, it is not immediately reported. This is because the
status register must reflect the status of the completing
command, not the new data. The status bit and ATN are
set when the next Transfer Info command begins
executing.

® All Message Out and Command Phase trans-
fers are handled one byte at a time. If DMA
is enabled, the DMA interface only issues
one DMA request at a time. If the phase
changes to synchronous Data In, the DMA
interface is already inactive so no extra bytes
will be loaded into the FIFO.

If DMA is not enabled and the phase changes to
Synchronous Data In, there may be bytes remaining in
the FIFO which have not yet been transmitted. The
FIFO flags register is latched to indicate the number of
non-data bytes that were in the FIFO, and then the FIFO
is flushed of these bytes. The FIFO will contain only the
incoming data bytes.

® In synchronous Data Out Phase, the offset
counter is incremented as REQ pulses are re-
ceived. The transfer completes when the
FIFO is empty and the transfer counter is
zero. The offset counter may or may not be
zero, depending on whether the target con-
tinues requesting synchronous data.

¢ In synchronous Data In Phase, the transfer
counter is clocked by the DMA interface as
bytes are unloaded from the FIFO, rather
than being clocked as bytes are loaded into
the FIFO. The transfer completes when the
transfer counter is zero. The FIFO may or
may not be empty, depending on whether the
target continues sending synchronous data.
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Initiator Command Complete Sequence

The command will normally be issued when a
status phase is received. If the sequence completes nor-
mally, the following data will have been transferred from
the target:

Status 1 Byte
Message In 1 Byte

The data will be in the FIFO if the command
was not issued with DMA enabled.

The sequence terminates early if the target does
not assert the Message In Phase or if it disconnects. This
sequence does not utilize the Sequence Step Register.

Message Accepted

The Message Accepted command releases the
ACK signal. Upon completion of this command, the
chip waits for the target to assert REQ and then gener-
ates a bus service interrupt.

When the chip receives the last byte of a mes-
sage, it leaves the ACK signal asserted so that ATN can
be asserted with the Set ATN command if the message is
to be rejected. The Message Accepted command must
always be issued to release ACK if it was left asserted
whether or not ATN is asserted.

Transfer Pad

The Transfer Pad command is similar to the
Transfer Information command, except that the informa-
tion being transferred is null data. For an output transfer,
the ESP uses the FIFO to generate pads for the SCSI
bus. For an input transfer, the ESP receives data from
the SCSI bus into the top of the FIFO without checking
parity, and then discards it from the bottom of the FIFO.

A Transfer Pad command to transmit pad bytes
must have DMA enabled. No DMA requests are actually
made, but the ESP uses the Transfer Counter to deter-
mine when the transfer is complete.

The command terminates under the same condi-
tions as the Transfer Information command, except that
the chip does not leave ACK asserted on the last byte of
a message in phase. If the command terminates early
(due to a phase change or a disconnect), the FIFO may
contain pad bytes.
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Set ATN

The Set ATN command causes the ATN signal
to be asserted. No interrupt is generated upon comple-
tion of this command.

The ESP automatically asserts the ATN signal
for the following cases:

e A Select with ATN command is issued and
arbitration is won.

® A parity error is detected on a byte received
in initiator mode. ATN is asserted prior to re-
leasing ACK.

The ESP automatically releases the ATN signal
during the last byte of the Transfer Information com-
mand for a Message Out Phase. ATN is released prior to
asserting the ACK signal.

Miscellaneous Commands

Miscellaneous Commands described in this sec-
tion are valid in all modes. These commands do not
check for ATN. If the ESP is a Target device and ATN
happens to be asserted during the execution of one of
these commands no bus service interrupt will be gener-
ated. It will be reported on completion of the next Target
command, if the chip does not become disconnected.

MISCELLANEOUS COMMANDS
Non-DMA DMA
00 80 NOP
01 81 Flush FIFO
02 82 Reset Chip
03 83 Reset SCSI Bus

NOP Command

The NOP command performs no operation. It
is also used following a Reset Chip command to free the
ESP Command Register. No interrupt is generated on
completion of this command.

Flush FIFO Command

The Flush FIFO command initializes the FIFO
to the empty condition. No interrupt is generated on
completion of this command.

Reset Chip Command

The Reset Chip command resets all functions in
the chip and returns it to a disconnected state. The com-
mand has the same effect as a hardware reset (refer to
the earlier initialization description).

The Reset Chip command will remain in the top
of the Command Register (locking the ESP and its regis-
ters in a reset state) until a new command is loaded. The
new command must be a NOP command. This command
might not be readable or executable.

Reset SCSI Bus Command

The Reset SCSI Bus command asserts the SCSI
RSTO pin for 25us (see page 32). The chip is returned to
a disconnected state. No interrupt is generated on com-
pletion of this command. Since the RSTI pin will be ex-
ternally connected to the RSTO pin, an SCSI reset
interrupt will be generated if it is not disabled in the
Configuration Register.

Illegal Command

An illegal command is a command that is not
allowed in the current ESP mode as specified by bits 6-4
of the Command Register or is an unsupported command
as determined by bits 3-0. The chip will generate an ille-
gal command interrupt to the microprocessor and clear
the Command Register when an illegal command oc-
curs.

An illegal command interrupt will also be gen-
erated if an initiator Transfer Information, Transfer Pad,
or Command Complete command is issued when ACK is
still asserted. Also, an illegal command interrupt is gen-
erated when a Select or Reselect command is issued with
DMA if the Enable Selection/Reselection command was
previously issued with DMA enabled.

To determine if an illegal command was written
to the chip, check for the occurrence of an interrupt (i.e.
INT/active) and bit 6 of the Interrupt Status Register (re-
gister 5) being set.
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Sequence Steps and Flow Charts

Sequence Steps

Bus Initiated Selection with ATN (Target)

Bus Initiated Selection with ATN (Target)

SEQ STEP INT REG DESCRIPTION
210 76543210
000 00000010 Selected with ATN, received bus ID and

one message byte. Check parity bit in
Status Register.

[d
[
—_
8:
%S
o=
a.

000 00010010 Same as above; ATN on

001 00000010 Command Phase; all bytes not received
because of parity error. Check Transfer
Complete bit in Status Register.

Check FIFO Flags/Counter.

001 00010010 Same as above; ATN on

010 00000010 Command Phase completed.
Check transfer complete bit in Status
Register

010 00010010 Same as above; ATN on

Bus Initiated Selection (Target)

Bus Initiated Selection (Target)
SEQ STEP INT REG DESCRIPTION

210 76543210

000 00000001 Selected; received Initiator ID

001 00000001 Command Phase; all bytes not received
because of parity error. Check FIFO Flags/
Counter.

001 00010001 Same as above; ATN on

010 00000001 Command Phase completed.
Check Transfer Complete bit in Status
Register.

010 00010001 Same as above; ATN on
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Select with ATN (Initiator)

Select with ATN (Initiator)

SEQ STEP INT REG DESCRIPTION

210 76543210

000 00100000 Arbitration completed; selection timeout;
Disconnected

000 00011000 Arbitration and select completed.
Not Message Out Phase; ATN on

010 00011000 Arbitration and Select completed;
Message Out Phase; sent one byte. ATN off;
Not Command Phase

011 00011000 Command Phase. All command bytes not
transferred because of premature phase
change

100 00011000 Select with ATN completed, not Command

Phase

Select with ATN and Stop (Initiator)

Select with ATN and Stop (Initiator)

SEQ STEP INT REG DESCRIPTION
210 76543210
000 00100000 Arbitration completed;
Selection timeout; disconnected.
000 00011000 Arbitration and Select completed.
Not Message Out Phase; ATN on
001 00011000 Sent one message byte, ATN on
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Select without ATN (Initiator)

Select without ATN (Initiator)

SEQ STEP INT REG DESCRIPTION

210 76543210

000 00100000 Arbitration complete; Select timeout.
Disconnected

010 00011000 Arbitrate and Select completed.

Not Command Phase.

011 00011000 Aribtrate and Select completed.
Command Phase; all command bytes not
transferred because of Phase change.

100 00011000 Arbitrate, Select, and Command Phase
completed.

Receive Command Sequence (Target)

Receive Command Sequence (Target)

SEQ STEP INT REG DESCRIPTION

210 76543210

00t 00001000 Command Phase set; all bytes not received
because of parity error. Check FIFO Flags/
Counter. Check Transfer Complete bit.

001 00011000 Same as above; ATN on.

010 00001000 Command Sequence completed.
Check Transfer Complete bit.

010 00011000 Same as above; ATN on.
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Command Complete Sequence (Target)

Command Complete Sequence (Target)

SEQ STEP INT REG DESCRIPTION

210 76543210

000 00011000 Status phase, sent one byte;
ATN on.

001 00011000 Status Phase completed.
Message In Phase; sent one byte;
ATN on.

010 00001000

Command Complete Sequence completed.

Disconnect Sequence (Target)

Disconnect Sequence (Target)

SEQ STEP INT REG DESCRIPTION
210 76543210
000 Message In Phase; sent one byte;
00011000 ATN on.
001 00011000 Message In Phase; sent second byte;
ATN on.
010 00101000 Disconnect Sequence completed.

Terminate Sequence (Target)

48

Terminate Sequence (Target)

SEQ STEP INT REG DESCRIPTION
210 76543210
000 00011000 Status Phase, sent one byte;
ATN on.
001 00011000 Status complete. Message In Phase,
sent one byte; ATN on.
010 00101000 Terminate Sequence Completed.

NCR SCSI Products
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(Disconnected)

Int Pending &
No Timeout

Interrupt Serviced

SCSIRST

Int Enabled
(Any State)
§ Int Pending and
Disc Reset Timeout (1.7 MS)
(Initialize Chip)
Wait 25 ps
SCSI Reset

Bus Initiated Sequences
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Electrical Characteristics

D.C. Characteristics

Absolute Maximum Stress Ratings

Electrostatic Discharge (All except SCSI pins)

SYMBOL  PARAMETER

Tstg Storage Temperature
VDD Supply Voltage

VIN Input Voltage

ESD*

ESD*

Electrostatic Discharge (SCSI pins)

*Test using the human body model—100pF at 1.5kQ2

Operating Conditions

Supply Current (Static IDD)
Supply Current (Dynamic IDD)

SYMBOL  PARAMETER
VDD Supply Voltage
IDD*

IDD

Ta

Operating Free-Air

MIN

=55

-0.5

VSS - 0.5
—4000
—7000

MIN

4.75
0
0
0

MAX

150

7.0

VDD + 0.5
4000

7000

MAX

5.25
10
50
70

UNIT

mA
mA
°C

* Static IDD refers to all inputs at VSS, all outputs floating, and all bidirectional pins configured as inputs.

Data Bus Lines DB0 - DB7

SYMBOL  PARAMETER MIN

VIH Input High Voltage 2.0

VIL Input Low Voltage VSS - 0.5
IIL Input Leakage Current —400
VOH Output High Voltage 2.4

VOL Output Low Voltage VSS

CLK, RESET, A3-A0

SYMBOL  PARAMETER MIN
VIH Input High Voltage 2.0

VIL Input Low Voltage VSS - 0.5
1L Input Leakage Current -10

CS/, RD/, WR/, ACK/, DIFFM

SYMBOL  PARAMETER MIN

VIH Input High Voltage 2.2

VIL Input Low Voltage VSS - 0.5
IIL Input Leakage Current -10

58

MAX

VDD + 0.5
0.8

10

VDD

0.4

MAX

VDD + 0.5
0.8
10

MAX

VDD + 0.5
0.8
10

TEST
UNIT CONDITION
A%
\'%
rA 0 < VIN < VDD
v IOH = —400 pA
\'% IOL =4 mA

TEST

UNIT CONDITION

v

v

A 0 < VIN < VDD
TEST

UNIT CONDITION

v

A%

A 0 < VIN < VDD
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DREQ, TGS, IGS

TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION
VOH Output High Voltage 2.4 VDD \% IOH = —400 pA
VOL Output Low Voltage VSS 0.4 \% IOL = 4 mA
10Z Tri-State Leakage Current -10 10 A 0 < VOUT < VDD
INT/
TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION ”
VOL Output Low Voltage VSS 0.4 A% IOL =4 mA & g
10Z Tri-State Leakage Current -10 10 rA 0 < VOUT < VDD 238
o
RSTI/, SELI/, BSYI/, ATNI/, MSGI/, CDI/, 101/, REQI/, ACKI/ &
TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION
VIL Input Low Voltage VSS - 0.5 0.8 v
VIH Input High Voltage 2.0 VDD + 0.5 A%
1L Input Leakage Current -10 10 RA 0 < VIN < VDD
HST Hysteresis 200 mV

RSTO/, SELO/, BSYO/, ATNO/, MSGO/, CDO/, 100/, REQO/, ACKO/, SDO0-SDO7/, SDOP/

TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION
VOL Output Low Voltage VSS 0.5 v IOL = 48 mA
10Z Tri-State Leakage Current -10 10 rA 0 < VOUT < VDD
SFT Signal Fall Time 8 ns IOL = 48 mA
RESETO

TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION
VOH Output High Voltage 2.4 VDD v IOH = -4 mA
VOL Output Low Voltage VSS 0.4 A% IOL = 4 mA
102 Tri-State Leakage -10 10 rA 0 < VOUT < VDD
SDIO-SDI17/

TEST
SYMBOL  PARAMETER MIN MAX UNIT CONDITION
VIL Input Low Voltage 2.0 VDD + 0.5 v
VIH Input High Voltage VSS - 0.5 0.8 v
HST Hysteresis 200 mV
IIL Input Leakage Current -10 10 rA 0 < VIN < VDD
VOH Output High Voltage 2.4 VDD A% IOH= —-400 pA
VOL Output Low Voltage VSS 0.4 A% IOL = 4 mA
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A.C. Characteristics

The A.C. characteristics described in this section apply over the voltage range Vdd equal to 4.75 to 5.25 volts
and the temperature range 0 to 7°C. Chip output timing is based on simulation under worst case conditions 475V,
70°C) and the following pad termination:

SYMBOLS OUTPUT LOADS
RESETO, DREQ 50 pf

DB7...0 85 pt

TGS, IGS 50 pf

SDIP/, SDI7/..0 50 pf

INT/ 50pt 1K pullup
RSTO/, SELO/, BSYO/, ATNO/, MSGO/, CDO/ 200 pf 110 pullup
100/, REQO/, ACKO/, SDO7...0/, SDOP/ 165 pulldown

System Interface

All timings in this specification are taken from the 10% & 90% points with respect to the specified VOL & VOH
of the waveforms.

Clock Interface

Symbol __ Description Min Max Unit
tcp Clock period 40 100 ns
fepa Clock frequency, async 10* 25 MHz
fcps Clock frequency, sync 13+ 25 MHz
tch Clock high .45tcp .55tcp ns
tcl Clock low .45tcp  .55tcp ns

*Note: These minimum numbers required to comply with ANSI SCSI specification.

| top >
T e e g —
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Reset Input

Symbol  Description Min Max Unit
trst Reset pulse width *2tcp or
200 ns
trh Reset high to RESETO high 50 ns .
td Reset low to RESETO low 50 ns = g
* Whichever is longer BS
o.
- >
RESET / N
reseto  — N
_.| trh |<__ —->| trl |<—
Interrupt Output
Symbol _ Description Min Max Unit
tir INT/ to RD/ 2tcp ns
trd RD/ pulse width 50 ns
tri RD/ low to INT/ high 70 +3.6tcp Nns
ticy RD/ high to INT/ low 1.4tcp ns

INT/ —\

/N

|e— tir —pje—
n___/

RD/

—»|

|e— trd—| j4— ticy —»
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Register Interface

Register Write

1 Symbol  Description Min Max Unit
trasc Address setup to WR/ 12 ns
tresw CS/ setup to WR/ 12 ns
trwr WR/ pulse width 40 ns
trdw Data to WR/ high 20 ns
trahw Address hold time from WR/ 30 ns
trdhw Data hold time 10 ns
trchw WR/ high to CS/ high 12 ns
trwey CS/ high to CS/ low 60 : ns

A3..0 X X

|<_ trasc _.| |<_ trahw __.i
CS/ \ / \

| dresw_, | <___trw_r_’| I drchw | ¢ trvvt_:_y_’|

trdw trdhw
—»]
DB7..0_ RMMMMMMMMMIM P AMMINN
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Register Read

Symbol  Description Min Max Unit
trasr Address setup to RD/ 12 ns
tresr CS/ setup to RD/ 12 ns
trrd RD/ pulse width 2tcp ns
trdr RD/ to data 50 ns
trahr Address hold time from RD/ 30 ns
trdhr Data hold time 2 50 ns
trchr RD/ high to CS/ high 12 ns
trrcy CS/ high to CS/ low 30 ns
A0 X X

le—  trasr  —»le— trahr |

CS/ \

/L

e

RD/ \ /

Pr_d’r‘

g rehr ." trrcy _’I
4__’(rdhi_’l

Vd
DB7...0 <

D
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DMA Interface

DMA Write
Symbol Description Min Max Unit
tdarl *(1) DACK!/ low to DREQ low 0 65 ns
tdaw DACK/ low to WR/ low 0 ns
tdwr WR/ pulse width 40 ns
tddw Data to WR/ high 20 ns
tdwa *(1,2) WR/ high to DACK!/ high 12 ns
tdhw Data hold time 10 ns
tdacy *(1,2) DACK/ high to DACK/ low 12 ns
tdrh DREQ low to DREQ high 0 ns
*Notes: 1. If tdacy + tdwa 2 30 ns, tdarl = 60 ns maximum
2. Iftdacy 2 20 ns, tdwa = 0 ns minimum
~¥ tarn [
DREQ / —

|&— tdarl
pack \, /L
I<__tdaw l tdwr _’I |<_t_clwa I tdacy —’I

WK/

I‘Edw tdhw _"
7.0 X B AN\
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DMA Read

Symbol  Description Min Max Unit

tdarl DACK!/ low to DREQ low 0 65 ns )
tdar *(1,2) DACK/ low to RD/ low 12 ns ]
tdrd RD/ pulse width 50 ns 38
tddr *(1) RD/to data 50 ns e
tdra RD/ high to DACK!/ high 0 ns

tdhr Data hold time 2 50 ns

tdacy *(1,2) DACK/ high to DACK/low 12 ns

tdrh DREQ low to DREQ high 0 ns

*Notes: 1. If tdacy + tdar > 30 ns, tddr = 45 ns maximum
2. Iftdacy = 20 ns, tdar = 0 ns minimum

|<_tdrh _,|

DACK/ ——\k_tdaﬂ_" —_—
|<_tdar g l‘_tdra tdacy _’|
P _.l 'l'

I‘t_dgr’l tohr
DB7...0 ( >___

DREQ

RD/
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Target Asynchronous Transfers

Target Asynchronous Send

Symbol  Description Min Max Unit

tTaxdr Data to REQO/ low 55 ns

tTaxrh ACKUV/ low toREQO/ high 49 ns

tTaxad  ACKU low to data (FIFO bottom full) 83 ns

tTaxrl ACKIV/ high to REQO/ low 54 ns
(data already set up)

SDOY X X
|“ —’[ tTaxdr

tTaxad
REQQO/ '———\

ACKY I<_ tTaxrh __,|4_ tTaxr _.l
AN /

Target Asynchronous Receive

Symbol  Description Min  Max Unit
tTarrh ACKI/ low to REQO/ high 50 ns
tTarrl ACKI/ high to REQO/ low 55 ns
(FIFO not full)

REQO/ ——_\ / \_

ACKI/ \|<- tTamh  —»| /|<_1Tarr| )
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Initiator Asynchronous Transfers

Initiator Asynchronous Send

Symbol  Description Min Max Unit
tlaxda Data to ACKO/ low 65 ns
tlaxah  REQV high to ACKO/ high 46 ns
tlaxrd REQI/ high to data (FIFO bottom full) 80 ns
tlaxal REQV/ low to ACKOY/ low 55 ns
(data already setup)
SDO/ X X
|
|<tEXda—>I tlaxrd —bi
ACKO/ ———\ / \
tlaxah  —»f kl'axa' -
REQU/ / N\,

Initiator Asynchronous Receive

(FIFO not full)

Symbol  Description Min Max Unit
tlarah REQI/ high to ACKO/ high 50 ns
tlaral REQI/ low to ACKO/ low 68 ns

ACKO/
N\

REQV/

|e tlarah

/

NCR SCSI Products 04/88

\

tlaral —’l

67

(72}
-
—_ D
8:
RS
[«
o.




Synchronous Transfers

Target and Initiator Synchronous Transmit

Symbol  Description

Min Max Unit
tsxd Data from CLK high 20 84 ns
tsxrl REQO/ low from CLK high 15 64 ns
tsxrh REQO/ high from CLK low 17 69 ns
tsxal ACKO/ low from CLK high 15 64 ns
tsxah ACKO/ high from CLK low 17 70 ns

|<__tsxd _’l I‘_tsxd _’i
SDO/ X | X
<_t_SX” _,| <lsxrh _.l ‘_t_sxrl
REQO/ \ /
ACKO/
tsxal \_W/ tsxal
68
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Applications

Single-ended Mode

Single-ended Mode without External Drivers

DMA Controller/
Processor
Interface

NCR SCSI Products
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Appendices

Appendix A - Register Summary

72

01 81 Flush FIFO
02 82 Reset chip
03 83 Reset SCSI

Disconnected Cmds

40 CO Reconnect

41 C1 Selw/o ATN
42 C2 Sel w/ATN

43 C3 Sel w/ATN/stof
44 C4 Enable S/R

45 C5 Disable S/IR

# ESP Read Registers | # | ESP Write Registers

0 Transfer counter lo(LSB) 0 Transfer count lo (LSB)

1 Transfer counter hi (MSB) | 1 Transfer count hi (MSB)

2 | FIFO 2 FIFO

3 Command 3 Command

4 Status 4 S/Rbus ID

5 Interrupt 5 S/R timeout

6 | Sequence step 6 Sync period

7 FIFO flags 7 Sync offset

8 Configuration 8 Configuration

9 NCR Reserved 9 Clock factor

A | NCR Reserved A | Test

Command Register (RW3) (Bit 7 Set = DMA Mode)

Misc Cmds Initiator Cmds Target Cmds
00 80 NOP 10 90 Transfer info

11 91 Cmd comp seq
12 92 Accept msg
18 98 Transfer pad
1A 9A Set ATN

20 A0 Send msg

21 A1 Send status
22 A2 Send data

23 A3 Disconnect seq
24 A4 Terminate seq
25 A5 Cmd comp seq
27 A7 Disconnect

28 A8 Rcv msgseq
29 A9 Revemd

2A AA Rcvdata

2B AB Rcvcmd seq

STATUS (RO4) INT (ROS) CONFIG (RWS8)
0 1O 0 Selected D

1CD 1 Selected w/ATN ? g:: |D(1)

2 MSG 2 Reselected 2 BusiD2

3 Xircomplete 3 Func complete 3 Chip Test Mode
4 Xfrcount 0 4 Bus service 4 Parity enable

5 Parity error 5 Disconnect 5 Parity test mode
6 Gross emor 6 lllegal cmd 6 SCSl rstint dis
7 NCR Reserved 7 SCSI reset 7 Slow cable
SEQ STEP (RO6) TEST (WOA)

0 Seqstep0 0 Target Mode

1 Seqstep 1 1 Initiator Mode

2 Seqstep 2 2 Tri-state Mode
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Appendix B - 68 Pin PLCC Mechanical Drawing

The Units are 1/1000 inches.
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5380/C80 SCSI INTERFACE

General Description

The NCR 5380 SCSI interface device is a 40
pin NMOS device designed to accommodate the Small
Computer Systems Interface (SCSI) as defined by the
ANSI X3T9.2 committee. The NCR 5380 operates in
both the initiator and target roles and can therefore be
used in host adapter, host port and formatter designs.
This device supports arbitration, including reselection.
Special high-current open collector output drivers, capa-
ble of sinking 48mA at 0.5V, allow for direct connection
to the SCSI bus. Differential pair operation is supported
using a 48 pin version of this part, designated the NCR
5381 (refer to Appendix A4).

The NCR 5380 communicates with the system
microprocessor as a peripheral device. The chip is con-
trolled by reading and writing several internal registers
which may be addressed as standard or memory mapped
I/0. Minimal processor intervention is required for
DMA transfers because the 5380 controls the necessary
handshake signals. The NCR 5380 interrupts the MPU
when it detects a bus condition that requires attention.
Normal and block mode DMA is provided to match
many popular DMA controllers. A CMOS version of
the NCR 5380, the NCR 53C80 is available in a 44-
pin PLCC or a 48-pin DIP. Refer to Appendix A5 for
information on the NCR 53C80.

SCSI Interface
MPU Interface

® Asynchronous, interface to 1.5 MBPS
® Supports initiator and target roles ® Memory or I/O mapped interface
® Parity generation w/optional checking * DMA or programmed I/O
® Supports arbitration ® Normal or block mode DMA
¢ Direct control of all bus signals ® Optional MPU interrupts
® High current outputs drive SCSI bus directly

Functional Pin Grouping Pinout

SCSI DATA BUS

w

=
-_—
SD
»8
[+
a.

_ — oA
€op (——) OB0...7, DBP
DMA READY ~=— B
CONTROL | DRQ = fa—> BSY
LBACR —a o %[
jog—
~CsS —
OR — e~ ATN scsi
REGISTER | [OW — NCR le—=~ ACK | CONTROLS
DDRESSING | A0 — 5380 < REQ
A1l — lt—-> MSG
LA2 — la—o- CID
j—= 770 J
DATABUS DO...07¢ ")
RESET —
IRQ -
GND — — VpD
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Pin Description

Microprocessor Interface Signals

Pin Name Pin # Description

A0, Al, A2 30, 32, 33 INPUTS o
These signals are used with CS, IOR or IOW to address all internal
registers.

CS 21 INPUT

Chip Select enables a read or write of the internal register selected by
A0, Al and A2. CS is an active low signal.

wn
[
1
=]
o
Lo
o
o

DACK 26 INPUT
DMA Acknowledge resets DRQ and selects the data register for input or
output data transfers. DACK is an active low signal.

DRQ 22 OUTPUT
DMA Request indicates that the data register is ready to be read or writ-
ten. DRQ occurs only if DMA mode is true in the Command Register. It
is cleared by DACK.

DO...D7 1,40...34 BI-DIRECTIONAL, TRI-STATE
Microprocessor data bus active high

EOP 27 INPUT
The End of Process signal is used to terminate a DMA transfer. If as-
serted during a DMA cycle, the current byte will be transferred but no
additional bytes will be requested.

IOR 24 INPUT
1/0 Read is used to read an internal register selected by CS and A0, Al
and A2. It also selects the Input Data Register when used with DACK.
IOR is active low.

oW 29 INPUT
1/O Write is used to write an internal register selected by CS and A0, Al
and A2. It also selects the Output Data Register when used with DACK.
IOW is active low.

IRQ 23 OUTPUT
Interrupt Request alerts a microprocessor of an error condition or an
event completion.

READY 25 OUTPUT
Ready can be used to control the speed of block mode DMA transfers.
This signal goes active to indicate the chip is ready to send/receive data
and remains false after a transfer until the last byte is sent or until the
DMA Mode bit is reset.

RESET 28 INPUT
Reset clears all registers. It does not force the SCSI signal RST to the ac-
tive state. RESET is an active low signal.
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Power Signals

Pin Name Pin # Description
VDD 31 +5 VOLTS
GND 11 GROUND

SCSI Interface Signals

The following signals are all bi-directional, active low, open collector signals. With 48 mA sink capability, all

pins interface directly with the SCSI bus.

Pin Name Pin # Description

ACK 14 Driven by an initiator, ACK indicates an acknowledgment for a REQ/
ACK data transfer handshake. In the target role, ACK is received as a re-
sponse to the REQ signal.

ATN 15 Driven by an initiator, ATN indicates an attention condition. This signal
is received in the target role.

BSY 13 This signal indicates that the SCSI bus is being used and can be driven by
both the initiator and the target device.

CD 18 A signal driven by the target, CD indicates Control or Data information
is on the data bus. This signal is received by the initiator.

0 17 IO is a signal driven by a target which controls the direction of data
movement on the SCSI bus. True indicates input to the initiator. This sig-
nal is also used to distinguish between Selection and Reselection phases.

MSG 19 MSG is a signal driven by the target during the Message phase. This sig-
nal is received by the initiator.

REQ 20 Driven by a target, REQ indicates a request for a REQ/ACK data trans-
fer handshake. This signal is received by the initiator.

RST 16 The RST signal indicates an SCSI bus RESET condition.

DBO0...DB7 9..2

DBP 10 These eight data bits (DB0-DB7) plus a parity bit (DBP) form the data
bus. DB7 is the most significant bit and has the highest priority during
the Arbitration phase. Data parity is odd. Parity is always generated and
optionally checked. Parity is not valid during arbitration.

SEL 12 SEL is used by an initiator to select a target or by a target to reselect an
initiator.
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Electrical Characteristics

OPERATING CONDITIONS
PARAMETER SYMBOL MIN MAX UNITS
Supply Voltage VbD 4.75 |5.25 |]Volts
Supply Current IpD 145 mA.
Ambient Temperature TA 0 70 °C

[7¢]
=
—_
7=
o
»o
o
o

INPUT SIGNAL REQUIREMENTS

PARAMETER CONDITIONS MIN MAX UNITS
High-level, Input Vi 20 [5.25 [Volts
Low-level, Input VL 03 0.8 Volts
SCSIBUS pins 2...20

High-level Input Current, I|{] VIH = 5.25 V 50 ua.
Low-level Input Current, Iji ] VL= 0 Volts -50 4a.
All other pins

High-level Input Current, lj{] VIH= 525V 10 ua.
Low-level Input Current, lj |} ViL= 0 Volts -10 ua.

OUTPUT SIGNAL REQUIREMENTS
PARAMETER CONDITIONS _MIN_MAX UNITS

SCSI BUS pins 2...20
Low-level Output VoL Vpp = 475V

loL= 48.0mA. 0.5 Volts
All other pins
High-level Output VOH VDD = 475V

IoH = 3.0mA. | 24 Volts
Low-level Output VoL VDD = 4.75V

loL = 7.0 mA. 05 |Voits

PRELIMINARY

Notice: This is not a final specification.
Some parametric limits are subject to change.
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Internal Registers
General

The NCR 5380 SCSI Interface Device appears
as a set of eight registers to the controlling CPU. By
reading and writing the appropriate registers, the CPU
may initiate any SCSI bus activity or may sample and as-
sert any signal on the SCSI bus. This allows the user to
implement all or portions of the SCSI protocol in soft-
ware. These registers are read (written) by activating CS
with an address on A2-AQ and then issuing an IOR
(IOW) pulse. This section describes the operation of the
internal registers.

SCSI signal names are used to describe the con-
tents of these internal registers. Even though the bus is
active low a one (1) is used to indicate signal assertion
and a zero (0) is used to indicate the non-asserted or in-
active state.

Address
A2 A1 A0 R/W  Register Name

0 0O0R Current SCSI Data
000 W Output Data

0 0 1 R/W Initiator Command

0 1 0 RW Mode

0 1 1 RW Target Command

100 R Current SCSI Bus Status
100 W Select Enable

101 R Bus and Status

101 W Start DMA Send

11 0R Input Data

110 W Start DMA Target Receive
11 1R Reset Parity/Interrupts
111 W Start DMA Initiator Receive

Register Summary
Data Registers

The data registers are used to transfer SCSI
commands, data, status, and message bytes between the
microprocessor data bus and the SCSI bus. The NCR
5380 does not interpret any information that passes
through the data registers. The data registers consist of
the transparent Current SCSI Data Register, the Output
Data Register, and the Input Data Register.

80

Current SCSI Data Regsiter - Address 0
(Read-only)

The Current SCSI Data Register is a read-only
register which allows the microprocessor to read the ac-
tive SCSI data bus. This is accomplished by activating
CS with an address on A2-A0 of 000 and issuing an IOR
pulse. If parity checking is enabled, the SCSI bus parity
is checked at the beginning of the read cycle. This regis-
ter is used during a programmed I/O data read or during
arbitration to check for higher priority arbitrating de-
vices. Parity is not guaranteed valid during arbitration.

Current SCSI Data Register

7 6 5 4 3 2 1 0

DB7 DB6 ©DB5 ©DB4 DB3 ©OB2 DBI DBO
Ouptut Data Register - Address 0 (write-only)

The Output Data Register is a write-only regis-
ter that is used to send data to the SCSI bus. This is ac-
complished by either using a normal MPU write, or
under DMA control, by using IOW and DACK. This re-
gister is also used to assert the proper ID bits or the SCSI
bus during the arbitration and selection phases.

Output Data Register
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Input Data Register - Address 6 (Read-only)

The Input Data Register is a read-only register
that is used to read latched data from the SCSI bus. Data
is latched either during a DMA target receive operation
when ACK (pin 14) goes active or during a DMA Initia-
tor receive when REQ (pin 20) goes active. The DMA
Mode bit (port 2, bit 1) must be set before data can be
latched in the Input Data Register. This register may be
read under DMA control using IOR and DACK. Parity
is optionally checked when the Input Data Register is
loaded.

Input Data Register

7 6 5 4 3 2 1 0

DB7 ©OB6 DB5 ©DB4 DB3 DB2 DBI  DBO

Initiator Command Register - Address 1
(Read/Write)

The Initiator Command Register is a read/write
register which is used to assert certain SCSI bus signals,
to monitor those signals, and to monitor the progress of
bus arbitration. Many of these bits are significant only
when being used as an Initiator; however, most can be
used during target role operation.

Initiator Command Register
(Register Read)

7 6 5 4 3 2 1 0

ASSERT AIP LA ASSERT ASSERT ASSERT ASSERTASSERT
RST ACK BSY SEL ATN  DATA
BUS

Initiator Command Register
(Register Write)

7 6 5 4 3 2 1 0

ASSERT TEST  DIFF ASSERT ASSERT ASSERT ASSERT ASSERT
RST MODE ENBL ACK BSY SEL ATN DATA
BUS

NCR SCSI Products 04/88

The following describes the operation of all bits
in the Initiator Command Register.

BIT 7—ASSERT RST

Whenever a one (1) is written to bit 7 of the Ini-
tiator Command Register, the @ignal (pin 16) is as-
serted on the SCSI bus. The RST signal will remain
asserted until this bit is reset or until an external RESET
(pin 28) occurs. After this bit is set (1), IRQ (pin 23)
goes active and all internal logic and control registers are
reset (except for the interrupt latch and the ASSERT
RST bit). Writing a zero (0) to bit 7 of the Initiator Com-
mand Register de-asserts the RST signal. Reading this
register simply reflects the status of this bit.

BIT 6—AIP (Arbitration in Progress—read bit)

This bit is used to determine if arbitration is in
progress. For this bit to be active, the ARBITRATE bit
(port 2, bit 0) must have been set previously. It indicates
that a bus free condition has been detected and that the
chip has asserted BSY (pin 13) and the contents of the
Output Data Register (port 0) onto the SCSI bus. AIP
will remain active until the ARBITRATE bit is reset.

BIT 6—TEST MODE (write bit)

This bit may be written during a test environ-
ment to disable all output drivers, effectively removing
the NCR 5380 from the circuit. Resetting this bit returns
the part to normal operation.

BIT 5—LA (Lost Arbitration—read bit)

This bit, when active, indicates that the NCR
5380 detected a bus free condition, arbitrated for use of
the bus by asserting BSY (pin 13) and its ID on the data
bus and lost arbitration due to SEL (pin 12) being as-
serted by another bus device. For this bit to be active the
ARBITRATE bit (port 2, bit 0) must be active.

BIT 5—DIFF ENBL (Differential Enable—write bit)

This bit is not used in the NCR 5380 and is only
meaningful in the NCR 5381, a 48 pin device which sup-
ports external differential pair transceivers. DIFF ENBL
should only be asserted if the device is physically con-
nected as either an Initiator or as a Target. If enabled, the
signal TGS (pin 14—NCR 5381) is asserted if the TAR-
GET MODE bit (port 2, bit 6) is set (1) or the signal IGS
(pin 12—NCR 5381) is asserted if the TARGET MODE
bit is reset (0).

81

SCSI
PRODUCTS



BIT 4—ASSERT ACK

This bit is used by the bus initiator to assert
ACK (pin 14) on the SCSI bus. In order to assert ACK
the TARGET MODE bit (port 2, bit 6) must be false.
Writing a zero to this bit resets ACK on the SCSI bus.
Reading this register simply reflects the status of this bit.

BIT 3—ASSERT BSY

Writing a one (1) into this bit position asserts
BSY (pin 13) onto the SCSI bus. Conversely, a zero (0)
resets the BSY signal. Asserting BSY indicates a suc-
cessful selection or reselection and resetting this bit cre-
ates a bus disconnect condition. Reading this register
simply reflects the status of this bit.

BIT 2—ASSERT SEL

Writing a one (1) into this bit position asserts
SEL (pin 12) onto the SCSI bus. SEL is normally as-
serted after arbitration has been successfully completed.
SEL may be de-asserted by resetting this bit to a zero. A
read of this register simply reflects the status of this bit.

BIT 1—ASSERT ATN

ATN (pin 15) may be asserted on the SCSI bus
by setting this bit to a one (1) if the TARGET MODE bit
(port 2, bit 6) is false. ATN is normally asserted by the
initiator to request a Message Out bus phase. Note that
since ASSERT SEL and ASSERT ATN are in the same
register, a select with ATN may be implemented with
one MPU write. ATN may be de-asserted by resetting
this bit to a zero (0). A read of th is register simply re-
flects the status of this bit.

BIT 0—ASSERT DATA BUS

The ASSERT DATA BUS bit, when set, allows
the contents of the Output Data Register to be enabled as
chip outputs on the signals DB0O-DB?7. Parity is also gen-
erated and asserted on DBP. In the NCR 5381, this bit
asserts the DBEN signal (pin 36). Resetting this bit dis-
ables the output data bus or the DBEN signal.

When connected as an Initiator, the outputs are
only enabled if the TARGET MODE bit (port 2, bit 6) is
false, the received signal I/O (pin 17) is false, and the
phase signals (C/D, I/O, and MSG) match the contents
of the ASSERT C/D ASSERT 1/O, and ASSERT MSG
in the Target Command Register.
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This bit should also be set during DMA send
operations.

Mode Register—Address 2 (Read/Write)

The Mode Register is used to control the opera-
tion of the chip. This register determines whether the
NCR 5380 operates as an initiator or a target, whether
DMA transfers are being used, whether parity is
checked, and whether interrupts are generated on vari-
ous external conditions. This register may be read to
check the value of these internal control bits. The fol-
lowing describes the operation of these control bits.

Mode Register
7 6 5 4 3 2 1 0

BLOCK TARGET ENABLE ENABLE ENABLEMONITOR DMA  ARBI-
MODE MODE PARITY PARITY EOP BUSY MODE TRATE
DMA CHECK- INTER- INTER-

ING  RUPT RUPT

BIT 7—BLOCK MODE DMA

The BLOCK MODE DMA bit controls the
characteristics of the DMA DRQ-DACK handshake.
When this bit is reset (0) and the DMA MODE bit is ac-
tive (1), the DMA handshake uses the normal inter-
locked handshake and the rising edge of DACK (pin 26)
indicates the end of each byte being transferred. In block
mode operation, BLOCK MODE DMA bit set (1) and
DMA MODE bit set (1), the end of IOR (pin 24) or IOW
(pin 29) signifies the end of each byte transferred and
DACK is allowed to remain active throughout the DMA
operation. READY (pin 25) can then be used to request
the next transfer.

BIT 6—TARGET MODE

The TARGET MODE bit allows the NCR 5380
to operate as either an SCSI bus initiator, bit reset (0), or
as an SCSI bus target device, bit set (1). In order for the
signals ATN (pin 15) and ACK (pin 14) to be asserted on
the SCSI bus, the TARGET MODE bit must be reset (0).
In order for the signals C/D, I/0, MSG and REQ to be
asserted on the SCSI bus, the TARGET MODE bit must

be set (1).
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BIT 5S—ENABLE PARITY CHECKING

The ENABLE PARITY CHECKING bit deter-
mines whether parity errors will be ignored or saved in
the parity error latch. If this bit is reset (0), parity will be
ignored. Conversely, if this bit is set (1) parity errors
will be saved.

BIT 4—ENABLE PARITY INTERRUPT

The ENABLE PARITY INTERRUPT bit,
when set (1), will cause an interrupt (IRQ) to occur if a
parity error is detected. A parity interrupt will only be
generated if the ENABLE PARITY CHECKING bit
(bit 5) is also enabled (1).

BIT 3—ENABLE EOP INTERRUPT

The ENABLE EOP INTERRUPT, when set
(1), causes an interrupt to occur when an EOP (End of
Process) signal (pin 27) is received from the DMA con-
troller logic.

BIT 2—MONITOR BUSY

The MONITOR BUSY bit, when true (1),
causes an interrupt to be generated for an unexpected
loss of BSY (pin 13). When the interrupt is generated
due to loss of BSY, the lower 6 bits of the Initiator Com-
mand Register are reset (0) and all signals are removed
from the SCSI bus.

BIT 1-DMA MODE

The DMA MODE bit is normally used to en-
able a DMA transfer and must be set (1) prior to writing
ports 5 through 7. Ports 5 through 7 are used to start
DMA transfers. The TARGET MODE bit (port 2, bit 6)
must be consistent with writes to port 6 and 7 [i.e. set (1)
for a write to port 6 and reset (0) for a write to port 7].
The control bit ASSERT DATA BUS (port 1, bit 0) must
be true (1) for all DMA send operations. In the DMA
mode, REQ (pin 20) and ACK (pin 14) are automatically
controlled.

The DMA MODE bit is not reset upon the re-
ceipt of an EOP signal. Any DMA transfer may be
stopped by writing a zero into this bit location, however
care must be taken not to cause CS and DACK to be ac-
tive simultaneously.
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Note: BSY must be active in order to set the DMA Mode
bit.

BIT 0—ARBITRATE

The ARBITRATE bit is set (1) to start the arbi-
tration process. Prior to setting this bit the Output Data
Register should contain the proper SCSI device ID
value. Only one data bit should be active for SCSI bus
arbitration. The NCR 5380 will wait for a bus free con-
dition before entering the arbitration phase. The results
of the arbitration phase may be determined by reading
the status bits LA and AIP (port 1, bits 5 & 6 respec-
tively).

Target Command Register - Address 3
(Read/Write)

When connected as a target device, the Target
Command Register allows the MPU to control the SCSI
bus information transfer phase and/or to assert REQ
(pin 20) simply by writing this register. The TARGET
MODE bit (port 2, bit 6) must be true (1) for bus asser-
tion to occur. The SCSI bus phases are described in the
following table.

SCSI Information Transfer Phases

ASSERT ASSERT ASSERT

Bus Phase 70 C/D MSG
Data Out 0 0 0
Unspecified 0 0 1
Command 0 1 0
Message Out 0 1 1
Data In 1 0 0
Unspecified 1 0 1
Status 1 1 0
Message In 1 1 1

When connected as an Initiator with DMA
Mode true, if the phase lines (I/O, C/D, and MSG) do
not match the phase bits in the Target Command Regis-
ter, a phase mismatch interrupt is generated when REQ
(pin 20) goes active. In order to send data as an Initiator,
the ASSERT 1/O, ASSERT C/D, and ASSERT MSG
bits must match the corresponding bits in the Current
SCSI Bus Status Register (port 4). The ASSERT REQ
bit (bit 3) has no meaning when operating as an Initiator.
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Target Command Register

7 6 5 4 3 2 1 0

Select Enable Register

5 4 3 2 1 0

LAST X X X  ASSERT ASSERT ASSERT ASSERT
BYTE REQ MSG C/D VO
SENT
(53C80)

The NCR 53C80 uses bit 7 of this register to
determine when the last byte of a DMA transfer is
sent to the SCSI bus. This flag is necessary since the
End of DMA bit in the Bus and Status Register only
reflects when the last byte was received from the
DMA.

Current SCSI Bus Status Register -
Address 4 (Read-only)

The Current SCSI Bus Status register is a read-
only register which is used to monitor seven SCSI bus
control signals plus the data bus parity bit. For example,
an Initiator device can use this register to determine the
current bus phase and to poll REQ for pending data
transfers. This register may also be used to determine
why a particular interrupt occurred. The following de-
scribes the Current SCSI Bus Status Register.

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

RST BSY REQ MSG C/D 17O SEL DBP

Select Enable Register - Address 4
(Write-only)

The Select Enable Register is a write-only re-
gister which is used as a mask to monitor a single ID
during a selection attempt. The simultaneous occurrence
of the correct ID bit, BSY false, and SEL true will cause
an interrupt. This interrupt can be disabled by resetting
all bits in this register. If the ENABLE PARITY
CHECKING bit (port 2, bit 5) is active (1), parity will
be checked during selection.
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DB7 ©DB6 DB5 DB4 DB3 DB2 DBI DBO
Bus and Status Register - Address 5
(Read-only)

The Bus and Status Register is a read-only re-
gister which can be used to monitor the remaining SCSI
control signals not found in the Current SCSI Bus Status
Register (ATN & ACK) as well as six other status bits.
The following describes each bit of the Bus and Status
Register individually.

Bus and Status Register

5 4 3 2 1 0

END DMA PARITY INTER- PHASE BUSY ATN  ACK
OF RE- ERROR RUPT MATCH ERROR
DMA  QUEST RE-

QUEST

ACTIVE

BIT 7—END OF DMA TRANSFER

The END OF DMA TRANSFER bit is set if
EOP (pin 27), DACK (pin 26), and either IOR (pin 24),
or IOW (pin 29) are simultaneously active for at least
100 nsec. Since the EOP signal can occur during the last
byte sent to the Output Data Register (port 0), the REQ
and ACK signals should be monitored to insure that the
last byte has been transferred. This bit is reset when the
DMA MODE bit is reset (0) in the Mode Register
(port 2).

The NCR 53C80 contains a true End of DMA
Status bit (last byte sent) in bit 7 of the Target Com-
mand Register.
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BIT 6—DMA REQUEST

The DMA REQUEST bit allows the MPU to
sample the output pin DRQ (pin 22). DRQ can be
cleared by asserting DACK (pin 26) or by resetting the
DMA MODE bit (bit 1) in the Mode Register (port 2).
The DRQ signal does not reset when a phase mismatch
interrupt occurs.

BIT 5—PARITY ERROR

This bit is set if a parity error occurs during a
data receive or a device selection. The PARITY ERROR
bit can only be set (1) if the ENABLE PARITY CHECK
bit (port 2, bit 5) is active (1). This bit may be cleared by
reading the Reset Parity/Interrupt Register (port 7).

BIT 4—INTERRUPT REQUEST ACTIVE

This bit is set if an enabled interrupt condition
occurs. It reflects the current state of the IRQ (pin 23)
output and can be cleared by reading the Reset Parity/
Interrupt Register (port 7).

BIT 3—PHASE MATCH

The SCSI signals MSG, C/D and I/O (pins 19,
18 and 17) represent the current information transfer
phase. The PHASE MATCH bit indicates whether the
current SCSI bus phase matches the lower 3 bits of the
Target Command Register. PHASE MATCH is continu-
ously updated and is only significant when operating as a
bus initiator. A Phase Match is required for data trans-
fers to occur on the SCSI bus.

BIT 2—BUSY ERROR

The BUSY ERROR bit is active if an unex-
pected loss of BSY signal (pin 13) has occurred. This
level-sensitive latch is set whenever the MONITOR
BUSY bit (port 2, bit 2) is true and BSY is false. An un-
expected loss of BSY will disable any SCSI outputs and
will reset the DMA MODE bit (port 2, bit 1).

BIT 1—ATN

This bit reflects the condition of the SCSI bus
control signal ATN (pin 15). The signal is normally
monitored by the target device.

NCR SCSI Products 04/88

BIT 0—ACK

This bit reflects the condition of the SCSI bus
control signal ACK (pin 14). This signal is normally
monitored by the target device.

DMA Registers

Three write-only registers are used to initiate
all DMA activity. They are Start DMA Send (port 5),
Start DMA Target Receive (port 6) and Start DMA Initi-
ator Receive (port 7). Simply writing these registers
starts the DMA transfers. Data presented to the NCR
5380 on signals DO-D7 during the register write is mean-
ingless and has no effect on the operation. Prior to writ-
ing these registers the BLOCK MODE DMA bit (bit 7),
the DMA MODE bit (bit 1) and the TARGET MODE bit
(bit 6) in the Mode Register (port 2) must be appropri-
ately set. The individual registers are briefly described
below.

Start DMA Send - Address 5 (Write-only)

This register is written to initiate a DMA send,
from the DMA to the SCSI bus, for either initiator or
target role operations. The DMA MODE bit (port 2, bit
1) must be set prior to writing this register.

Start DMA Target Receive - Address 6
(Write-only)

This register is written to initiate a DMA re-
ceive, from the SCSI bus to the DMA, for target opera-
tion only. The DMA MODE bit (bit 1) and the TARGET
MODE bit (bit 6) in the Mode Register (port 2) must
both be set (1) prior to writing this register.

Start DMA Initiator Receive - Address 7
(Write-only)

This register is written to initiate a DMA re-
ceive, from the SCSI bus to the DMA, for initiator oper-
ation only. The DMA MODE bit (bit 1) must be true (1)
and the TARGET MODE bit (bit 6) must be false (0) in
the Mode Register (port 2) prior to writing this register.

Reset Parity/Interrupt - Address 7
(Read-only)

Reading this register resets the PARITY ER-
ROR bit (bit 5), the ITNERRUPT REQUEST bit (bit 4)
and the BUSY ERROR bit (bit 2) in the Bus and Status
Register (port 5).
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On-Chip SCSI Hardware Support

The NCR 5380 is easy to use because of its sim-
ple architecture. The chip allows direct control and mon-
itoring of the SCSI bus by providing a latch for each
signal. However, portions of the protocol define timings
which are much too quick for traditional micorproces-
sors to control. Therefore, hardware support has been
provided for DMA transfers, bus arbitration, phase
change monitoring, bus disconnection, bus reset, parity
generation, parity checking, and device selection/
reselection.

Arbitration is accomplished using a bus-free fil-
ter to continuously monitor BSY. If BSY remains inac-
tive for at least 400 nsec then the SCSI bus is considered
free and arbitration may begin. Arbitration will begin if
the bus is free, SEL is inactive and the ARBITRATION
bit (port 2, bit 0) is active. Once arbitration has begun
(BSY asserted), an arbitration delay of 2.2 usec must
elapse before the data bus can be examined to determine
if arbitration has been won. This delay must be imple-
mented in the controlling software driver.

The NCR 5380 is a clockless device. Delays
such as bus free delay, bus set delay and bus settle delay
are implemented using gate delays. These delays may
differ between devices because of inherent process vari-
ations, but are well within the proposed ANSI X3T9.2
specification (Revision 17).

Interrupts

The NCR 5380 provides an interrupt output
(IRQ) to indicate a task completion or an abnormal bus
occurrence. The use of interrupts is optional and may be
disabled by resetting the appropriate bits in the Mode
Register (port 2) or the Select Enable Register (port 4).

When an interrupt occurs, the Bus and Status
Register and the Current SCSI Bus Status Register must
be read to determine which condition created the inter-
rupt. IRQ (pin 23) can be reset simply by reading the Re-
set Parity/Interrupt Register (port 7) or by an external
chip reset (RESET active for 200 nsec).

Assuming the NCR 5380 has been properly ini-
tialized, an interrupt will be generated if the chip is se-
lected or reselected, if an EOP signal occurs during a
DMA transfer, if an SCSI bus reset occurs, if a parity er-
ror occurs during a data transfer, if a bus phase mis-
match occurs, or if an SCSI bit disconnection occurs.
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Selection/Reselection

The NCR 5380 can generate a select interrupt if
SEL (pin 12) is true (1), its device ID is true (1) and BSY
(pin 13) is false for at least a bus settle delay (400 ns). If
1/0 (pin 17) is active this should be considered a reselect
interrupt. The correct ID bit is determined by a match in
the Select Enable Register (port 4). Only a single bit
match is requried to generate an interrupt. This interrupt
may be disabled by writing zeros into all bits of the Se-
lect Enable Register.

If parity is supported, parity should also be
good during the selection phase. Therefore, if the EN-
ABLE PARITY BIT (port 2, bit 5) is active, then the
PARITY ERROR bit should be checked to insure that a
proper selection has occurred. The ENABLE PARITY
INTERRUPT bit need not be set for this interrupt to be
generated.

The proposed SCSI specification also requires
that no more than two device IDs be active during the se-
lection process. To insure this, the Current SCSI Data
Register (port 0) should be read.

The proper values for the Bus and Status Regis-

ter (port 5) and the Current SCSI Bus Status Register
(port 4) are displayed below.

Bus and Status Register

7 6 5 4 3 2 1 0

0 0 0 1 X 0 X 0

END DMA PARTIY INTER- PHASE BUSY ATN ACK
OF  RE- ERROR RUPT MATCH ERROR
DMA  QEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

RST BSY REQ MSG C/D VO SEL DBP
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End of Process (EOP) Interrupt

An End of Process signal (ﬁ, pin 27) which
occurs during a DMA transfer (DMA MODE true) will
set the END OF DMA status bit (port 5, bit 7) and will
optionally generate an interrupt if ENABLE EOP IN-
TERRUPT bit (port 2, bit 3) is true. The EOP pulse will
not be recognized (EDN OF DMA bit set) unless EOP,
DACK and either IOR or IOW are concurrently active
for at least 100 nsec. DMA transfers can still occur if
EOP/ was not asserted at the correct time. This interrupt
can be disabled by resetting the ENABLE EOP INTER-
RUPT bit.

The proper values for the Bus and Status Regis-
ter (port 5) and the Current SCSI Bus Status Register
(port 4) for this interrupt are displayed below.

Bus and Status Register

7 6 5 4 3 2 1 0

1 0 0 1 0 0 0 X

END DMA PARITY INTER- PHASE BUSY ATN ACK

OF RE- ERROR RUPT MATCH ERROR
DMA QUEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

false. If connected as an Initiator, a phase change inter-
rupt can be used to signal the completion of the previous
phase. It is possible for the Target to request additional
data for the same phase. In this case, a phase change will
not occur and both REQ and ACK must be sampled to
determine when the last byte was transferred.

If using the NCR 53C80, Last Byte Sent (bit
7 of the Target Command Regsiter) may be sampled
to determine when the last byte has been transferred.

SCSI Bus Reset

_ The NCR 5380 generates an interrupt when the
RST signal (pin 16) transitions to true. The device re-
leases all bus signals within a bus clear delay (800 nsec)
of this transition. This interrupt also occurs after setting
the ASSERT RST bit (port 1, bit 7). This interrupt can-
not be disabled. (Note: The RST signal is not latched in
bit 7 of the Current SCSI Bus Status Register and may
not be active when this port is read. For this case, the
Bus Reset interrupt may be determined by default.)

The proper values for the Bus and Status Regis-
ter (port 5) and the Current SCSI Bus Status Register
(port 4) are displayed below.

Bus and Status Register

7 6 5 4 3 2 1 0

0 1 X X X X 0 X

0 0 0 1 X 0 0 0

RST BSY REQ MSG C/D VO SEL Dep

The END OF DMA bit is used to determine
when a block transfer is complete. Receive operations
are complete when there is no data left in the chip and no
additional handshakes occurring. The only exception to
this is receiving data as an initiator and the target opts to
send additional data for the same phase. In this case,
REQ goes active and the new data is present in the Input
Data Register. Since a phase mismatch interrupt will not
occur, REQ and ACK need to be sampled to determine
that the Target is attempting to send more data.

For send operations, the END OF DMA bit is
set when the DMA finishes its transfer, but the SCSI
transfer may still be in progress. If connected as a Tar-
get, REQ and ACK should be sampled until both are
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END DMA PARITY INTER- PHASE BUSY ATN ACK

OF RE-  ERROR RUPT MATCH ERROR
DMA  QUEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

X 0 0 0 0 0 0 0

RST BSY REQ MSG C/D 1O SEL DBP
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Parity Error

An interrupt is generated for a received parity
error if the ENABLE PARITY CHECK (bit 5) and the
ENABLE PARITY INTERRUPT (bit 4) bits are set (1)
in the Mode Register (port 2). Parity is checked during a
read of the Current SCSI Data Register (port 0) and dur-
ing a DMA receive operation. A parity error can be de-
tected without generating an interrupt by disabling the
ENABLE PARITY INTERRUPT bit and checking the
PARITY ERROR flag (port 5, bit 5).

The proper values for the Bus and Status Regis-
ter (port 5) and the Current SCSI Bus Status Register
(port 4) are displayed below.

Bus and Status Register

7 6 5 4 3 2 1 0

0 X 1 1 1 0 X X

END DMA PARITY INTER- PHASE BUSY ATN ACK
OF  RE- ERROR RUPT MATCH ERROR
DMA QUEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

0 1 X X X X 0 X

RST BSY REQ MSG C/D VO SEL D8P
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Bus Phase Mismatch

The SCSI phase lines are comprised of the sig-
nals i/6, C/D and MSG. These signals are compared
with the corresponding bits in the Target Command Re-
gister: ASSERT 1/ (bit 0), ASSERT C/D (bit 1) and
ASSERT MSG (bit 2). The comparison occurs continu-
ally and is reflected in the PHASE MATCH bit (bit 3) of
the Bus and Status Register (port 5). If the DMA MODE
bit (port 2, bit 1) is active and a phase mismatch occurs
when REQ (pin 20) transitions from false to true, an in-
terrupt (IRQ) is generated.

A phase mismatch prevents the recognition of
REQ and removes the chip from the bus during an initia-
tor send operation. (W-ﬁ, DBP will not be driven
even though the ASSERT DATA BUS bit (port 1, bit 0)
is active.) This interrupt is only significant when con-
nected as an Initiator and may be disabled by resetting
the DMA MODE bit. (Note: It is possible for this inter-
rupt to occur when connected as a Target if another de-
vice is driving the phase lines to a different state.)

The proper values for the Bus and Status Regis-
ter (port 5) and the Current SCSI Bus Status Register
(port 4) are displayed below.

Bus and Status Register

7 6 5 4 3 2 1 0

0 0 0 1 0 0 X 0

END DMA PARITY INTER- PHASE BUSY ATN ACK
OF RE- ERROR RUPT MATCH ERROR
DMA QUEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

7 6 5 4 3 2 1 0

0 1 1 X X X 0 X

RST BSY REQ MSG C/D 1O SEL DBP
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Loss of BSY

If the MONITOR BUSY bit (bit 2) in the Mode
Register (port 2) is active, an interrupt will be generated
if the BSY signal (pin 13) goes false for at least a bus set-
tle delay (400 nsec). This interrupt may be disabled by
resetting the MONITOR BUSY bit. Register values are
as follows.

Bus and Status Register

7 6 5 4 3 2 1 0

0 0 0 1 X 1 0 0

END DMA PARITY INTER- PHASE BUSY ATN ACK
OF RE- ERROR RUPT MATCH ERROR
DMA QUEST RE-

QUEST

ACTIVE

Current SCSI Bus Status Register

RST BSY REQ MSG C/D VO SEL DBP

Reset Conditions

Three possible reset situations exist with the
NCR 5380, as follows:

Hardware Chip Reset

When the signal RESET/ (pin 28) is active for
at least 200 nsec, the NCR 5380 device is re-initialized
and all internal logic and control registers are cleared.
This is a chip reset only and does not create an SCSI bus
reset condition.

SCSI Bus Reset (RST) Received

When an SCSI RST signal (pin 16) is received,
an IRQ interrupt is generated and a chip reset is per-
formed. All internal logic and registers are cleared, ex-
cept for the IRQ interrupt latch and the ASSERT RST bit
(bit 7) in the Initiator Command Register (port 1). (Note:
The RST signal may be sampled by reading the Current
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SCSI Bus Status Register (port 4); however, this signal is
not latched and may not be present when this port is
read.)

SCSI Bus Reset (RST) Issued

If the CPU sets the ASSERT RST bit (bit 7) in
the Initiator Command Register (port 1), the RST signal
(pin 16) goes active on the SCSI bus and an internal reset
is performed. Again, all internal logic and registers are
cleared except for the IRQ interrupt latch and the AS-
SERT RST bit (bit 7) in the Initiator Command Register
(port 1). The RST signal will continue to be active until
the ASSERT RST bit is reset or until a hardware reset
occurs.

Data Transfers

Data may be transferred between SCSI bus de-
vices in one of four modes: Programmed I/0: Normal
DMA; Block Mode DMA; or Pseudo DMA. The fol-
lowing sections describe these modes in detail. (Note:
For all data transfers operations DACK and CS should
never be active simultaneously.)

Programmed I/O Transfers

Programmed 1/O is the most primitive form of
data transfer. The REQ (pin 20) and ACK (pin 14) hand-
shake signals are individually monitored and asserted by
reading and writing the appropriate register bits. This
type of transfer is normally used when transferring small
blocks of data such as command blocks or message and
status bytes.

An Initjator send operation would begin by set-
ting the C/D, 1/O, and MSG bits in the Target Command
Register to the correct state so that a phase match exists.
In addition to the phase match condition, it is necessary
for the ASSERT DATA BUS bit (port 1, bit 0) to be true
and the received I/O signal to be false for the 5380 to

send data.

For each transfer, the data is loaded into the
Output Data Register (port 0). The MPU then waits for
the REQ bit (port 4, bit 5) to become active. Once REQ
goes active the PHASE MATCH bit (port 5, bit 3) is
checked and the ASSERT ACK bit (port 1, bit 4) is set.
The REQ bit is sampled until it becomes false and the
MPU resets the ASSERT ACK bit to complete the trans-
fer.
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Normal DMA Mode

DMA transfers are normally used for large
block transfers. The SCSI chip outputs a DMA request
(DRQ - pin 22) whenever it is ready for a byte transfer.
External DMA logic uses this DRQ signal to generate
DACK and an IOR or an IOW pulse to the NCR 5380.
DRQ goes inactive when DACK is asserted and DACK
goes inactive sometime after the minimum read or write
pulse width. This process is repeated for every byte. For
this mode, DACK should not be allowed to cycle unless
a transfer is taking place.

Refer to next column for information on halting
a DMA transfer.

Block Mode DMA

Block Mode allows an external DMA device
(Intel 8237-type DMA) to perform sequential DMA
transfer without relinquishing the data bus to the CPU.
Holding DACK active prevents Intel-type CPUs from
gaining access to the sytem bus. The handshake itself
does not increase the transfer rate. Preventing the CPU
from sharing the system bus increases the DMA transfer
rate but also halts the CPU operation.

Block Mode DMA transfers are supported for
both Initiator and target role operation. When using this
mode of operation, DRQ is asserted to signal the begin-
ning of the DMA transfer. In response to DRQ, DACK
is asserted and remains asserted throughout the transfer.
READY goes active after the IOW or IOR pulse goes in-
active, effectively replacing the DRQ signal.

Care must be taken when using this mode due
to the operation of READY. If, for example, a phase
mismatch interrupt occurs, READY will remain in the
inactive state and INT will be active. For this condition
the DMA chip must return control of the bus to the CPU
so that the 5380 interrupt can be serviced. READY also
does not return to the active state when an EOP pulse is
received. Therefore, you might want to use EOP to in-
sure that the CPU regains bus control after the last DMA
byte has been transferred. As in the non-block DMA
mode, the EOP signal does not de-assert ACK on the
SCSI bus. To successfully complete a DMA send opera-
tion, either an additional byte of data must be written to
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the NCR 5380 to allow ACK to go inactive, or the CPU
must reset the DMA Mode bit in the Mode Register.

Non-block mode DMA transfers end when
DACK goes false, whereas block mode transfers end
when IOR or IOW becomes inactive after each byte.
Since this is the case, DMA transfers may be started
sooner in a block mode transfer.

To obtain optimum performance in block mode
operation, the DMA logic may optionally use the normal
DMA mode interlocking handshake. READY is still
available to throttle the DMA transfer, but DRQ is 30 to
40 nsec faster than READY and may be used to start the
cycle sooner.

The methods described in “Halting A DMA
Operation” apply for all DMA operations.

Pseudo DMA Mode

To avoid the tedium of monitoring and asserting
the request/acknowledge handshake signals for pro-
grammed I/O transfers, the system may be designed to
implement a pseudo DMA mode. This mode is imple-
mented by programming the NCR 5380 to operate in the
DMA MODE, but using the MPU to emulate the DMA
handshake. DRQ (pin 22) may be detected by polling the
DMA REQ bit (bit 6) in the Bus and Status Register
(port 5), by sampling the signal through an external port
or by using it to generate an MPU interrupt. Once DRQ
is detected, the MPU can perform a DMA port read or
write data transfer. This MPU read/write is externally
decoded to generate the appropriate DACK and IOR or
IOW signals.

Often, external decoding logic is necessary to
generate the NCR 5380 CS signal. This same logic may
be used to generate DACK at no extra system cost and
provide an increased performance in programmed IO
transfers.

Halting a DMA Operation

The EOP signal is not the only way to halt a
DMA transfer. A bus phase mismatch or a reset of the
DMA MODE bit (port 2, bit 1) can also terminate a
DMA cycle for the current bus phase.
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Using the EOP Signal

If EOP is used, it should be asserted for at least
100 nsec while DACK and IOR or IOW are simultane-
ously active. Note, however, that if IOR or IOW is not
active an interrupt will be generated, but the DMA activ-
ity will continue. The EOP signal does not reset the
DMA MODE bit. Since the EOP signal can occur during
the last byte sent to the Output Data Register (port 0),
the REQ and ACK signals should be monitored to insure
that the last byte has transferred.

Bus Phase Mismatch Interrupt

A bus phase mismatch interrupt may be used to
halt the transfer if operating as an Initiator. Using this
method frees the host from maintaining a data length
counter and frees the DMA logic from providing the
EOP signal. If performing an initiator send operation,
the NCR 5380 requires DACK to cycle before ACK
goes inactive. Since phase changes cannot occur if ACK
is active, either DACK must be cycled after the last byte
is sent or the DMA MODE bit must be reset in order to
receive the phase mismatch interrupt.
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Resetting the DMA MODE Bit

A DMA operation may be halted at any time
simply by resetting the DMA MODE bit. It is recom-
mended that the DMA MODE bit be reset after receiving
an EOP or bus phase mismatch interrupt. The DMA
MODE bit must then be set before writing any of the
start DMA registers for subsequent bus phases.

If resetting the DMA MODE bit is used instead
of EOP for target role operation, then care must be taken
to reset this bit at the proper time. If receiving data as a
target device, the DMA MODE bit must be reset once
the last DRQ is received and before DACK is asserted to
prevent an additional REQ from occurring. Resetting
this bit causes DRQ to go inactive. However, the last
byte received remains in the Input Data Register and
may be obtained either by performing a normal MPU
read or by cycling DACK and IOR. In most cases EOP
is easier to use when operating as a Target device.
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External Timing Diagrams

CPU Write
A0..2 ZZZZIZZK LI
j—T1 —>] [ T2 =
CS

\ /
j— T3 — = T4

IOW
_—L_F?E:J*—Te—ﬂ

Do..7 ZZZZZI7HTITITIIIIX
NAME DESCRIPTION MIN. | TYP.| MAX. |UNITS
T1 Address setup to write enable * 20 ns.
T2 Address hold from end write enable * 20 ns.
T3 Write enable width * 70 ns.
T4 Chip select hold from end of IOW 0 ns.
T5 Data setup to end of write enable * 50 ns.
T6 Data hold time from end of IOW 30 ns.

* Write enable is the occurrence of IOW and CS

CPU Read

AO..2 777772 X7ITTT777T77Z
° j— T ] fe— T2

_ | ==
T4 ] L‘—T5~>l

DO..7 LTI X7

NAME DESCRIPTION MIN. | TYP.| MAX.| UNITS
T1 Address setup to read enable * 20 ns.
T2 Address hold from end read enable * 20 ns.
T3 Chip select hold from end of IOR 0 ns.
T4 Data access time from read enable * 130 | ns.
T5 Data hold time from end of IOR 20 ns.

* Read enable is the occurrence of IOR and CS
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DMA Write (Non-Block Mode) Target Send

\_ /[
b T1 ] —T12 =

\ /
e— T3 74 —>

iOW
fe—T75—>ta— 15 >

00..7 ZZIIIIIIIITIIIIITIX —BVEN SITIIIIIIIIIIIN

e 17—

w
-
—_
[ 3]
=]
P o
c
a.

je— T8 —a] — je— T9 _..‘
___ / )
REQ ft—{ T10 fe-Ti
ACK N S
e T12-2] e T13 |
DBO..7 BYTE N-1 XIT72X BYTE N
DBP
NAME DESCRIPTION MIN. | TYP.| MAX.| UNITS
T DRQ false from DACK true 130 | ns.
T2 DACK false to DRQ true 30 ns.
T3 Write enable width * 100 ns.
T4 DACK hold from end of IOW 0 ns.
T5 Data setup to end of write enable * 50 ns.
T6 Data hold time from end of IOW 40 ns.
7 Width of EOP pulse (note 1) 100 ns.
T8 ACK true to REQ false 25|110 | 125 ns.
T9 REQ from end of DACK (ACK false) 301|140 | 150 | ns.
T10 ACK true to DRQ true (target) 15{100 | 110 | ns.
T11 REQ from end of ACK (DACK false) 20| 140 | 150 | ns.
T12 DATA hold from write enable 15 ns.
T13 Data setup to REQ true (target) 60 ns.

* Write enable is the occurrence of IOW and DACK

Note 1: EOP, IOW, and DACK must be concurrently true for at least T7 for proper recogni-
tion of the EOP pulse.
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DMA Write (Non-Block Mode) Initiator Send

94

/  \

PRQ b T1 -2 fe—T2 =

DACK \ /

o lt— 73—l T4 —!

IoOW

M T e T6 —

D0..7 ZZIZ7TITITII2X__BYTEN X

__ le— 17

EOP \ 7

eQ b

T8 T9
e Ty A
—e-T12-2 fa-T11—

DBO..7 BYTE N-1 XZZI7T2X " BYTEN

DBP
NAME DESCRIPTION MIN. | TYP. | MAX.| UNITS
T1 DRQ false from DACK true 130 | ns.
T2 DACK false to DRQ true 30 ns.
T3 Write enable width * 100 ns.
T4 DACK hold from end of IOW 0 ns.
T5 Data setup to end of write enable * 50 ns.
T6 Data hold time from end of IOW 40 ns.
T7 Width of EOP pulse (note 1) 100 ns.
T8 REQ true to ACK true 20| 150 | 160 | ns.
T9 REQ false to DRQ true 20| 100 | 110 | ns.
T10 DACK false to ACK false 25| 140 | 150 | ns.
T11 IOW false to valid SCSI data 100 | ns.
T12 DATA hoid from write enable 15 ns.

* Write enable is the occurrence of IOW and DACK

Note 1: EOP, IOW, and DACK must be concurrently true for at least T7 for proper recognition

of the EOP pulse.
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DMA Read (Non-Block Mode) Target Receive

/S .\ 4
p T1 e 12—
\

'q. JTS

/
f—T4 =]l T5-2]

Oo...7 I 77777 T T T 7772 LT
Eap T6
EO

P
f— T7 e jt— T8 |

RO — ool fe— T10 —»

ACK —\ /

T T2

0807 (RWEN X777 I I I I TITT T TTITI7777]
NAME DESCRIPTION MIN. | TYP.| MAX.| UNITS
T1 DRQ false from DACK true 130 | ns.
T2 DACK false to DRQ true 30 ns.
T3 DACK hold time from end of IOR 0 ns.
T4 Data access time from read enable * 115 | ns.
T5 Data hold time from end of IOR 20 ns.
T6 Width of EOP pulse (note 1) 100 ns.
T7 ACK true to DRQ true 15|100 | 110 | ns.
T8 DACK false to REQ true (ACK false) 30 150 | ns.
T9 ACK true to REQ false 25| 110 | 125 | ns.
T10 ACK false to REQ true (DACK false) 20| 140 | 150 | ns.
T DATA setup time to ACK 20 ns.
T12 DATA hold time from ACK 50 ns.

* Read enable is the occurrence of IOR and DACK

Note 1: EOP, IOR, and DACK must be concurrently true for at least T6 for proper recognition
of the EOP puilse.

NCR SCSI Products 04/88

scsl
PRODUCTS

95



DMA Read (Non-Block Mode) Initiator Receive

96

/S .\ /-
DRQ - T1 — e T2
DACK \
I I‘ »lT3
iOR \

/
e T4 > & T5 -]
D0..7 /777777777777 777777 77/ [ 77777 [/ /7D L1177
I T6

EOP ~—

f— T7 —» fa— T8
REQ /
o Tola ol e T10 =
ACK —\ I

T11 jt—fe-T12-3m}
DB0..7 < BEN O 77777777777777777I77777777TI7IITTI77II7II77

NAME DESCRIPTION MIN. | TYP.| MAX. [ UNITS
T DRQ false from DACK true 130 | ns.
T2 DACK false to DRQ true 30 ns.
T3 DACK hold time from end of IOR 0 ns.
T4 Data access time from read enable * 115 | ns.
T5 Data hold time from end of IOR 20 ns.
T6 Width of EOP pulse (note 1) 100 ns.
T7 REQ true to DRQ true 20| 140 | 150 | ns.
T8 DACK false to ACK false (REQ false) 25| 140 | 160 | ns.
T9 REQ true to ACK true 20| 150 | 160 | ns.
T10 REQ false to ACK false (DACK false) 15| 120| 140 | ns.
T11 DATA setup time to REQ 20 ns.
T12 DATA hold time from REQ 50 ns.

*Read enable is the occurrence of IOR and DACK

Note 1: EOP, IOR, and DACK must be concurrently true for at least T6 for proper
recognition of the EOP puise.
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DMA Write (Block Mode) Target Send

bRQ ——/ jT1 -->|k
DACK \

[P ¢ ——— T3 — ]
oW \

E——T4-—>{<—T5—~>‘

DO..7 ZZZZZZZAZZZZ[ZZZZZZf BYTE N XL
EOP Te

e T e Te
REQ - 7/
REQ je—— T9 ————HL

w
-
]
8:
58
oc
a.

ACK ™\ /
lt— T10 — ol T11 —fg— T12 ——f
READY ——— N
fe———— T13 —pf je— T14 —

DB0..7 BENT (7777777772} BYTEN

DBP
NAME DESCRIPTION MIN. | TYP.| MAX.| UNITS
T DRQ false from DACK true 130 | ns.
T2 Write enable width * 100 ns.
T3 Write recovery time 120 ns.
T4 Data setup to end of write enable * 50 ns.
T5 Data hold time from end of IOW 40 ns.
T6 Width of EOP pulse (note 1) 100 B ns.
T7 ACK true to REQ false 25110 | 125 | ns.
T8 REQ from end of IOW {ACK talse) 40 180 | ns.
T9 REQ from end of ACK (IOW false) 20 | 160 | 170 | ns.
T10 ACK true to READY true 20| 130 | 140 | ns.
T READY true to IOW false 70 ns.
T12 IOW false to READY false 20| 130 | 140 | ns.
T13 DATA hold from ACK true 40 ns.
T14 Data setup to REQ true 60 ns.

* Write enable is the occurrence of IOW and DACK

Note 1: EOP, IOW, and DACK must be concurrently true for at least T6 for proper recognition
of the EOP pulse.
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DMA Read (Block Mode) Target Receive
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DRQ / e T1
DACK _
f———— 12—
OR y, —__
e T3 e T4
D0..7 [/ 777777777777 X "8nieN X7777 7777
5 — T5 —
- e 76—
REQ e T7- jee— T8 ———.1\'_'
ACK Ve
ja—T9 —>ft—— T10 ] |fa—— T11 -2
READY —/ N
T12f—a-T13-
DB0..7 < BYTEN X /77777777 777777777777
DBP
NAME DESCRIPTION MIN. | TYP. | MAX.| UNITS
T1 DRQ false from DACK true 130 | ns.
T2 iOR recovery time 120 ns.
T3 Data access time from read enable * 100 [ 110 | ns.
T4 Data hold time from end of IOR 20 ns.
T5 Width of EOP pulse (note 1) 100 ns.
T6 IOR false to REQ true (ACK false) 30|180 | 190 | ns.
7 ACK true to REQ false 25110 | 125 | ns.
T8 ACK false to REQ true (IOR false) 20 | 160 | 170 | ns.
T9 ACK true to READY true 20 {130 | 140 | ns.
T10 READY true to valid data 50 | ns.
T11 1OR false to READY false 20 | 125 | 140 | ns.
T12 DATA setup time to ACK 20 ns.
T13 DATA hold time from ACK 50 ns.

* Read enable is the occurrence of IOR and DACK

Note 1: EOP, IOR, and DACK must be concurrently true for at least T5 for proper recognition
of the EOP pulse.
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Reset

NAME DESCRIPTION MIN. | TYP.|MAX.| UNITS
T1 Minimum width of reset 200 ns.
Arbitration
RST
SET / L
SEL e T1 ]
Bs%y — /T \ /
BSY f— T2 I
DB0.. 772 /277777 A /7 77 7777
| 1
/- N
ARB fe— T3 —a
BSY /-
NAME DESCRIPTION MIN. | TYP.| MAX. |UNITS
T1 Bus clear from SEL true 600 | ns.
T2 ARBITRATE start from BSY false 1200 2200 | ns.
T3 Bus clear from BSY false 1100 ns.

NCR SCSI Products
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A1. NCR 5380 vs. NCR 5385/86

The NCR 5380 was designed to provide a low-
cost SCSI interface using a minimum number of parts.
Much of the intelligence and some of the features in-
cluded in the NCR 5385E/86 have been removed. In
some instances, such as arbitration, this causes the con-
trolling CPU to provide more of the protocol control.
The NCR 5385/86 remains appropriate for many appli-
cations and will continue to be strongly supported.

The main differences between the NCR 5380
and the NCR 5385E/86 are shown in the following table.

100

Functional
Areas 5380 5385E/86
Arbitration Optional, Automatically
Firmware Invoked
Dependant
Maximum Transfer Rate 1.5 MBPS 2.0 MBPS
Transfer Counter None 24 bits
Data Buffering Single " Double
Clock Circuitry None Req’d  5-10 MHz
Single-Ended On-chip External
Transceivers
Differential Pair External External
(NCR 5381)
Synchronous Mode No Firm
Plans

NCR SCSI Products
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A2. Flowcharts/Software tion and the level of the SCSI protocol being supported.
In accordance with register definitions, a one (1) desig-
Flowcharts and sample software drivers are nates signal assertion and a zero (0) designates signal
provided as a guideline to facilitate your firmware devel- non-assertion, or the inactive state.
opment. Firmware will vary depending on the applica-

ARBITRATION AND (RE) SELECTION

I [

* [%)
WRITE ID BIT TO '5
DATA OUTPUT SET TARGET MODE =]
REGISTER (PORT 2, BIT 6) o
(PORT 0) =]
o
- ‘ a
*
SET ARBIT SET VO
(PORT 2, BIT 0) (PORT 3, Bit 0)
WRITE CONTROLLER'S
AND INITIATOR'S ID
ARBIT IN PROG. BITS TO DATA OUTPUT
(PORT 1, BIT 6) pviatabvy
RESET ARBIT (PORT 0)
(PORT 2,
BIT 0) ‘
sec. SET DIFF. EN, ASRT.
WAIT 2.2 psec. ;
ARBITRATION DELAY BsY, moaAugaT. DATA DIFF. EN ONLY
(PORT 1,BITs 5,3,0 | USED NNCR 381

f

RESET ARBIT
(PORT 2, BIT 0)

!

READ PORT 0 TO SEE
PRIORITY ID IS (PORT 4)
HIGHER
RESET BSY
PRIORITY (PORT 1,BIT 3)

PRESENT

SET SEL
(PORT 1, BIT 2)
N CLEAR SEL AND ASRT.
WAIT 1.2 usec Min FLAGS
(BUS CLEAR + SETTLE) 3‘0'-?:’»”2«3 20)
] INFORMATION
TRANSFER PHASES

* RESELECTION ONLY
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COMMAND TRANSFER PHASE (TARGET)

SERVICE o —
MESSAGE SET €7D AND REQ FLAGS % =1
CONDITION (PORT 3, BIT 1,3) ACK =0
CHECK
ATN FLAG
(PORT 5, BIT 1)
(PORT 5, BIT 0)
SET C/D FLAG REG = 0
,BIT 1 ACK =
(PORT3, BT 1) ACK =0 READ CURRENT
REQ = 1
DATA REGISTER =
(PORT 0) ACK = 1
SET C/D FLAG ‘
(PORT 3, BIT 1,3) seTTBE
CLEAR REQ FLAG
(PORT 3, BIT 1,3)

READ CURRENT —_

3R
[~]

SCSIi
DATA REGISTER
(PORT 0)

;
5
o

(PORT 3, BIT 1, 3)

23|

CHECK

(PORT 5, BIT 0)
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DATA TRANSFER TO HOST
VIA PROGRAMMED I/0

.

]

ACCEPT AND
RESPOND TO
MESSAGE

CHECK ATN
(PORT 5, BIT 1)

7
=
_
78]
[2y=1
»o
c
[~

SET BSY, DIFF. EN. NOTE:
AND ASRT. DATA BUS DIFF. EN ONLY USED
(PORT 1, BITS 5,3, 0) IN NCR 5381.
SET ASRT. VO
(PORT 3, BIT 0)

WRITE DATA BYTE —_—
TO OUTPUT DATA REQ =0
REGISTER ACK =0
(PORT 0)
SET ASRT. 1/0 REG =1
AND REQ ACK =0
(PORT 3, BITS 3, 0)

snsum CHECK'ACK REQ =1
COUNTER (PORT 5, BIT 0) ACK = 1

SET ASRT. VO =
RESET AEQ Bea-o

(PORT 3, BITS 3, 0) =

LAST
DATA BYTE?
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&

SET-UP DMA CHIP
WITH BASE ADDRESS,
WORD COUNT AND

MODE
OF OPERATION

SET BSY, DIFF. EN.,
ASSERT DATA BUS
(PORT 1, BITS 5, 3, 0)

DATA TRANSFER VIA DMA

NOTE:
DIFF. EN ONLY USED
IN NCR 5381.

SET BLK MODE DMA,
EN. EOP INT., AND
DMA MODE
(PORT 2,BITS 7,3, 1)

SET ASRT. 1/0
(PORT 3, BIT 0)

SET START DMA
(PORT 5)

EOP
INTERRUPT?

CHECK ENDING
STATUS

(PORT 5)

STATUS PHASE
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LINE#

00201
vl
20eR3
20204
(Ll
Ll 1)
o7
110 )
22009
o010
22011
.17 ¥4
PAR1E
PRR14
oan1s
ove1e
Qa7
voei8
o193
ovaza
ezl
Raves
(L L=2e)
aRacs
dawcsS
vevze
a7
ovozs
voaz9
20230
20V31
avaze
20233
20234
R3S
2036
VRR37
enass
a3l
.1 " L]
22Q@41
2004
243
20044
80045
2046
Qov47
200V48
22043
oxase
VY251
Qaasz
20053
20054
VOR35S

NCR SCSI Products

Loc
ol
C.L.-1)
Voo
2V
L0l
2000
Q2ve
2000
vea
L1
2o
v
202
Ll
@200
L1
L0l
L0
Qkoea
a2
oeoe
L0
a2ee
202
waed
oo
e
@oeo
avow
VLl
v
22ee
R
2000
V200
oo
V2V
Qaova
Qe
covo
Coai
Coe:z
Cees
Cov4
Ceos
[wf.1". 13
Ccewve
coe7
cees
ceas
ceae
cea7
cez7
ce33
ca33

CODE LINE

@ ws @ as 2 as es

i
SLFAIL=%$01
DISCNT=s@2
PRTYER=$03
BUSRST=%24
CHIPFL=%@5
MESSAG=$06
DIFFFPH=%@7

i
CMDCPL=%2@

’

DATRa=%QQ
CmD=%28
STATUS=$aC
DATAI=%24
MESS0=%18
MESSI=%1C
DISCON=%802
SELECT=%42

9
S5380=$DERQ
SDMA=$DERC
IID=$DEQ8
SRST=$DFQ®@
EPNTR=$FE

*#=BFNTR

DATAB .WORD DBLK

o ws @ e s

1

#*=$C00Q

TID *=%+1
ICRVAL %*=#+1
INITFL #=%+1
OCFLAG #=#+1
PTYFLG #=%+1
ATNFLG #=%#+1
i

PHSIDX #*=%+1
XPTPHS *=%#+30

§
COUNT
XCNT

3
CDB

DBLK
STAT

#=%+1
*=%4+1

*=%+1

*=8+512
*=H4+2

04/88

NCR 5380 SCSI FROTOCOL DRIVER
SURPORTS BOTH INITIATOR AND TARGET ROLES

ASSUMES THAT THE COMMAND ELOCK (CDE).
DATA BLOCK (DBLK),

AND THE EXPECTED PHASE

28 as w8 as @0 we ws

e W3 as 2% we 28 e e

- as @ aa e

TABLE HAVE BEEN SFECIFIED IN MEMORY

SELECTION FARILED STATUS
DISCONNECTED STATUS

FARITY ERROR STATUS

SCSI BUS RESET STATUS

CHIP FARILURE STATUS

MESSAGE IN BYTE BEING RETND
UNEXPECTED PHASE REQUESTED

COMMAND COMPLETE MESSAGE

DATA OUT PHASE

COMMAND PHASE

STATUS FHASE

DATA IN PHRSE

MESSAGE OUT PHASE

MESSAGE IN PHASE

FLAG TO DISCONNECT

FLAG TOWAIT FOR SELECTION

538@ ADDRESS SPARCE
FSEUDO DMAR ADDRESS
INIT. ID EXT. LARTCH
NCRS5380 DEVICE RESET
DATA ELOCK POINTER

-

FROGRAM SFACE ORIGIN

s TARGET ID SPRCE
5 INIT. CMD REG. STORAGE
INITIARTOR FLRG
OPEN COLL. FLAG
PARITY FLAG
ATN FLAG

- e ws we

EXPECTED PHASE INDEX
EXPECTED PHASE TARBLE

- e

3 BYTE COUNT
3 BYTE COUNT MULTIPLIER

CMD BLOCK STORAGE

H
; DATA BLOCK
; STATUS BYTES
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LINE#

2ovSE
[T
waase
Q57
aoass
RS9
Raved
2QRE 1
aaaes
QARES
VQRE4
Qwaves
QRREE,
woveE7
268
o263
av7e
oaa71
voa7e
a3
2B74
aRA7S
2eR76
Qaa77
vov78
vaa7g
voosw
oosl
sz
283
o84
22085
vavae
Qo287
o288
20089
AT
22231
deese
2033
024
22295
0296
20037
20098
20099
aai1ea
Yoivi
w10z
20103
00104
20105
eie6
22107
2108

106

LoC

So0n
A O O O
AERSE R & E BORYR

oOcoOao
e Ny
I N AR OR SN NN AR NN

o
ne o
>
oW

Cean

COoDE

SRV
AR

AD
38
ED
Fa
38
ED

Do

(]
Ce
ca

(=3
FE
as
o8
U]
ag
a1

az

a1

FB

1

DD

(:["]

a8
1]

28

cc

Ce
DF

Ca

DE

co

Ca

DE

DE

DE
DE

53

DE

DE

DE

LINE

CDES

3
§
;

INITIALIZATION

START LDA

STA
LDA
LDA
L.DX
BEQ
ORA

NOFTY STA

—ar we ws

LDX
LbA
Cme
BNE
Jmp

#0a

FHSIDX
SRST
#%20000100
FTYFLG
NOPTY
#7%0Q110000
s5380+2

FHSIDX
#SELECT
XFTRHS, X
INIT
TARSEL

5

an w5 we ws we ws as 8

[P

. WORD CDB, DBLK, STAT

ZERO ACCUM

INITIALIZE PHASE INDEX
RESET S38ANUMEBER

ENABLE MONITOR BSY INT.
LOAD PARITY FLAG

IF ZERO, NO PARITY

OR IN CHECK FARITY EITS
STORE IN MODE REGISTER

LOAD VALUE OF PHASE INDEX
GET VALuE OF SEL CMD
COMPARE W/CURRENT PHASE

IF NOT = BEGIN ARBITRATION
ELSE, WRIT FOR TARGET SELECT

BEGIN SCSI BUS ARBITRATION

NIT LDA

AND
STA

ARE LDA

Z e o =

-

- s

s e we

STA
LDA
ORA
STA

8538@+z2
#%xi111111@
s§5380+2
IID
S5380+0
55380+2
#%20200001
$5380+&

HAS BUS GONE FREE?

FREE EIT

BVC

NOP
DA
AND
ENE

55380+1
NFREE

S§5380+1
#%22100000
INIT

e

..

READ MODE REG.

MASK ARB BIT

JRESET ARBITRATION BIT
BEGIN ARBITRATION
;LOAD ID INTO ODR
;READ MODE REG.

$SET ARBITRATION EiT
;STORE IN MODE REG.

sBUS FREE?
$NO LDOP UNTIL FREE

$YES, WAIT AN ARB DELAY (&.ZuSE
sLOAD INIT CMD REG.

$MASK ALL BUT LA EBIT

;IF LOST ARB, RESTART

CHECK FOR HIGHER PRIORITY ID?

LDA
SEC
SHC
BEQ
SEC
SBC
BMI
BNE

§5380+0

11D
WIN

IID
WIN
INIT

;LOAD CURRENT DATA REG.

sSET CARRY BIT

$SUB YOUR ID FROM DATA REG.

s IF EQUAL TO ZERO, WIN ARB
sNOT=, SOMEONE ELSE 1S ARB-ING
§SUBTRACT YOUR ID AGAIN

5IF NEG, YOUR ID WAS HIGHER
sOTHERWISE, RESTART

RECHECK LOST ARBITRATION
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LINE# LOC CODE LINE

80109 C29a AD @1 DE WIN LDA S55380+1 ;L0ARD INIT. CmMD REG.

vai1ia Cz93 29 eev AND #%Q00102200 §MASK ALL BUT LA BIT

V@111 C&95 D@ CS BNE INIT s IF LOUST RARB, RESTART

veiiz Cz97 ;

Q@113 Ce97 R3 bC LDA #%000d110@ sLOAD VALUE TO SET SEL SIGNAL
V2114 C&99 RE @S Co LDX ATNFLG sLOAD ATN FLRG

@115 (C&3C Fa a2 BEQ WOATN IF ZERO, SEL W/0 ATN

A
22116 CE9E @9 @z ORA #%28000012 s OR IN ATN BIT
Q@117 C&Rd 8D @1 De WORTN  STR S55380@+1 sTURN ON SEL LINE
20118 C2R3
@2119 CeAa
22128 CaRrR3

WAIT 1.2 USEC

- #r ae

%z
-
—_
]
?S
o
o

@oiglr CeAZ EA NOF
Qaice CcR4 AD @& Ca LDA INITFL 5LOAD IN A SOFTWARE FLAG
@123 C&R7 DO @b BNE SEL 5IF FLAG SET, PERFORM INIT.

@a1e4 CeA3
QR1ES CaR9
@el1ze CeR9
va1z7 Carg

ELSE, TARGET RESELECTION

- e e

Q@128 C(Ca2R3 RAD @& DE LDA S538@+2 sREAD MODE REG.

2013 CaRC 39 4@ ORA #%010v000Q sENABLE TARGET MODE

Q@138 CefRE 8D @ DE STRA S5380+2 sSET TARGET MODE

22131 C&Bit A9 V1 LDA #$@1 sENABLE ASSERT I1/0

@Qi3e CeB3 68D @3 DE STR §5380+3 $SET ASSERT I1/0

V2133 C&B6 H

20134 (C&B6 RAD @8 DE SEL LDA IiD 5 LORD INITIATOR ID

Q0135 C2B9 oD ©2 C2 ORA TID 5 OR IN TRARGET ID

22136 CeBC 8D @@ DE STA sS5380+@ sLOAD INT & TAR ID'S INTO ODR

Q2137 CeBF
8a138 CeBF
V2139 C&BF

TEST FOR DIFFERENTIAL PAIR

- e e

22140 CaBF A9 @5 LDA #%200001081 sSEL & DATA BUS BITS
28141 (CaCi AE V3 Ce LDX OCFLRAG sLOAD IN A SOFTWARE FLAG
Q@142 C2C4 DO @2 BNE OPNCOL sIF FLAG SET, OPEN COLLECTOR

¥R143 CeCe
eail44  CeCe
V145 Cace
00146 CeCeé @9 ce ORA #%00100000 s OR IN DIFF. ENBL EITS

Q@147 CaC8 8D o1 DE OPNCOL STAR SS38e+1 SET SEL, DATA BUS, & (DIFF. Pf
Q0148 CaCB 8D @1 Co STA ICRVAL 5 RETAIN VALUE OF INIT CMD REG
20149 CaCE
2015@ CeCEe
V0151 CaCE

DIFFERENTIAL PARIR

- . e

-

RESET AREITRATION BIT

- e as

Q@152 C2CE AD @z De LDA S85380+2 $READ MODE REGISTER
P0153 Cabhi @9 FE AND #%11111110 sMASK ARB BIT
22154 C2D3 8D ee DE STA S5380+2 sRESET ARB BIT

Qv155 Cabe

@156 C2Dé6

¥v157 Cabe

22158 C2D6 A9 @@ LDA #$00 s ZERO ACCUM.
9,

§
DISABLE THE SEL EN REGISTER TO AVOID A SEL INT.

- an

20159 CzD8 8D 04 DE STR S5380+4 ZERO SELECT ENARBLE REG.
ov16@ C&DB
20161 CZDB
@162 CeDB
22163 CeDB AD @1 C@ LDA ICRVAL 3§ GET INIT CMD REG VALUE

RELEASE BUSY

“e s we
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LINE#®

20164
0165
20166
o167
20168
20169
Q2172
20171
ee17z2
00173
00174
175
02176
0a177
22178
02179
o182
0181

ea18z

0183
o184

20185
00186

02187
o188
o189
22190
20191

0192
20193
02194

20195
20196
20197
00198
20199
20200
ezl

20202
°0z03
00204
eozes
20206
o027

20208
20209
00210
ev211

eez12
0213
0214
20215
eez16
0217
o0z18

108

CODE

e9
[210]

(20"]
- AZ
aC
7@

CA
Fo
4C

F7
o1
a1

(-l
o
=04
26

Fa

21

23
eb

DE

DE

DE

DE

ce

DE
ce

Ce

ce

Ca4

LINE
AND
STA
STA
]
5 NOW WARIT
§
LDY
RELD LDX
STIM BIT
BVS

Rp—,

- as e

CHI

M wr - we

L

IF

- ws s

#%x11110111
§5380+1
ICRVAL

3 MASK OUT ESY BIT
+ RESET BSY
i RETAIN ICR VALUE

4QONSEC AND BEGIN LOOKING FOR ESY

#4602
#S$FF
8§5380+4
SLECT

WRIT 250 MSEC

DEX
BNE
DEY
BNE

SELECTION TIMEOUT

LDA
STA
LDX
K BIT
BVS
DEX
BNE

STIm

RELD

#$0Q
55380+2
#$20
S35380+4
SLECT

CHK

SELECTION FAILED

LOAD UP X REG FOR COUNTER
LOAD UP Y REG FOR COUNTER
SAMRLE BSY EIT

IF BSY ACTIVE, SELECTED

P

DeELAY
IF NOT ZERO LOOP

5 IF Y NOT ZeERO RELOAD X

s TAR. DID NOT RESFOND TO SEL
RESET ID BITS

LOAD @@ USEC COUNTER
CHECK BSY AGRIN

IF SET SELECTION OK

S as 85 s 40 ae

LDA #SLFAIL. 5 LOARD STATUS IN RCCUM.
RTS 5 RETURN TO CALLING PRGM
SUCCESSFUL (RE)SELECTION
ECT LDR ICRVAL § GET VALUE OF INIT CmD REG.
LDX INITFL 3 GET INIT FLRG
BNE IF 5 IF INITIRTOR JumpP
ORA #%0000210200 s AND SET BSY IF TARGET.
STA S5380+1 5 WRITE TO ICR
STR ICRVAL 3 UPDATE PRESENT ICR VALUE
LDA #%0Q0101000 $MASK TO RESET SEL & DATA BUS
AND ICRVAL 5 AND WITH ICR VALUE
STA S§5380+1 ; RESET SEL & DATA BUS
STA ICRVAL 3 UPDATE NEW ICR VALUE

BEGIN TRANSFERS

DEX
BEQ
JMp

PDMA
RES

INITIARTOR ROLE

USE FSEUDO DMA MODE

DEC INITIATOR FLAG
IF ZERO, INITIATOR ROLE
ELSE, TARGET ROLE
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LINE# LOC CODE LINE
2v219 C328 H

20c2@ ©328 A9 00 FDMA  LDA #DATAQR ; LOAD TCR W/DATA OUT PHASE
Qdz&1 C32A 8D 83 DE STA $5380+3 ;

@ozz2 C32D AD ®& DE NXT LDA S5380+2 ; GET MODE REGISTER

@2223 C330 09 02 ORA #%22200212:0R IN DMA MODE BIT

@0z24 C332 8D o2 DE STA S5388+2 3 SET DMA MODE BIT

Q@225 C335 AE 26 CO LDX PHSIDX § LOAD X W/PHASE INDEX
0026 C338 ED @8 CO LDA XFTPHS+1,X; GET PHASE COUNT

@@227 C33B 8D 25 Co STA COUNT ; STORE IN PHASE COUNT BYTE
oe228 C33E BD @9 C@ LDA XPTFHS+&, X3 GET COUNT MULTIPLIER

Q8229 C341 8D 26 CO STA XCNT ; STORE IN MULTIPLIER

Q038 C344
Q031 C344
vvz3e C344
80233 C344 AD @S DE AIT LDA §5380+S5
BB=34 C347 29 1@ AND #%2001 02002
C343 Fe@ F9 BEQ WAIT

QBz36 C34B
B@z37 C34E
20238 C34B

WARIT FOR PHASE MISMATCH INT.

w
-
_
7=
o
o
o
a.

e ar

SAMPLE BUS&STATUS REG.
LOOK FOR INT. REQ.
IF NOT SET, WRIT

IRQ IS ACTIVE

s s we

Q@239 C34B AD v DE LDA §538@+e2 ;3 GET MODE REG.

Vd24@ C34E 29 FD AND #%111111@1 ; RESET DMA MASK

Q0241 C35@ 8D @& DE STA 55380+2 : RESET DmMA MODE ERIT

vB24c2 C353 AD @S DE LDA S5380+5 5 GET BUS & STATUS REG

20243 C356 AD @S DE LSR 3 SHIFT RIGHT 3 TIMES

Yve44 C359 AD @5 DE LSR H

0dc45 C35C AD VS DE LSR H

Qvz46 C35F BO 15 BCS EBUSY 3 LOSS OF BUSY ERROR

20e47 C361 BO 15 DE LSR ;5 SHIFT

V248 C364 90 76 BCC PHSMM ;s IF CARRY CLERR, MISMATCH
20249 C(C366 99 76 DE LSR 3 SHIFT TWICE

Q0250 C369 90 76 DE LSR H

20251 C36C EO @B BCS EPRTY s IF SET, PARITY ERROR

¥v2S5e C36E &C @4 DE BIT SS5380+4 3 GET CURRENT SCSI BUS STATUS
20253 C371 30 14 BMI BRST s IF BIT 7 SET, BUS RESET OCCURE
¥vaS54 C373 4C B8R C3 JMP FAIL 3§ SHOULD NOT GET HERE

eeas5S C376

20256 C376 RETURN ERROR STATUS TO CALLING FROGRAM

Mwe a0 e

2v257 C376

20258 C376 A9 oe BUSY LDA #DISCNT 5 SET DISCONNECT FLAG
28259 C378 60 RTS

ooz26@ C379 RAD 01 Co EPRTY LDA ICRVAL 5 GET INIT. CmD REG. VALUE
o261 C37C @9 o2 ORA #%2000081@ ; TURN ON ATN SIGNAL
vezee C37E 8D @1 DE STA S5380+1 5 SET ATN

28z63 (C381 8D o1 Ce STA ICRVAL

20264 (C384 A9 @3 LDA #FPRTYER 3 SET PARITY ERROR

oez6S C386 6@ RTS

20266 C387 RAI V4 BRST LDA #BUSRST § SET BUS RESET ERRUOR
ov267 C389 60 RTS

20268 C38A A9 BS FARIL LDA #CHIPFL s SET CHIP FAIL ERRCOR
@vz69 C38C 60 RTS 5 RETURN TO CALLING PRGM

eoc7@ C38D L
eez71 C38D 3
o272 C38D H
20273 C38D AD @2 DE T

WAIT FOR TARGET SELECTION

ARSEL LDA SS538v+2 3 GET mMODE REG.
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LINE#

74
aez73
adz7¢6
w77
w78
wla79
eacz8a
[L7F=2-3%
duzse
vez8s
Qvc8s
22z8S
20286
aaze7
ave88
vac89
YR30
oaz91
B9
2093
20294
00295
20296
oea97
oec38
02299
22300
oa301
oa3esz
20303
VB304
22305
22306
easa7
20308
22309
20310
22311
"X D ¥=3
28313
20314
20315
20316
22317
20318
20319
o3ze
eo321
vasae
eesa3
20324
20325
e3ze
o327
oa3z8

110

4C
4C
ab

@a
a9
oo
@

s

F8

B4
B4
23

DE
DE
DE
DE

DE

DE
c3

DE

DE

ce
DE

ce

Ca4

Ca4
Cé4
DE

LINE

ORA
STR
LDA
STA
LDA
AND
BEQ

LOOK

as @ e s

LDA
LDX
LDy
L.SR
DEX
BEQ
BCC
INY
BCS
SEC
TYAR
SBEC
BMI
LDA
JmR

=

ouT

() os oo we

1 LDA
AND
BEQ
DR
AND
BEQ
LDA
STR
STR
LDA
JmpP

HSMM DX
LDA
AND
Cmp
BEQ
Jmp

TV ee wn e

HSMTH LSR
LSR
8TA

#%XQ1000000
s5380+2
11D
S5380+4
S5388+5
#%Q000 10000
LOOK

sSzea+a
#4029
#$00Q

ouT
ue

ue

#3203

CI
85380+7
LOOK

CHECK INTERRUFPT

85380+5
#%03100000
EPRTY
SS380+4
#%00000010
FRIL
#%20001200
S5380+1
ICRVAL
S5380+7
RES

FPHSIDX
S5380+4
#%00011100
XPTPHS, X
FPHSMTH

DP

55380+3

T 4e WS ws a8 e 9T we AE ae uE ge WT s A8 a0 we #% .qn 4% aa 20

w @% e @S ae we wu ws

- @s @s we ae se

PHASE MATCHES EXFECTED

20 .an wv

SET TARGET MODE MASK

SET TARGET MODE BIT

GET TARGET ID

STORE IN SELECT ENAELE REG.
SAMFLE EBUS&STATUS REG.

LOOK FOR INT REQ

KEEF WARITING

CHECK FOR MORE THAN TWO ID'S ACTIVE

READ SCSI DATA BUS

SHIFT COUNT

INITIALIZE EIT COUNT
SHIFT BIT INTO CARRY BIT
DECR. SHIFT COUNT

IF ZERO, DONE COUNTING

IF CARRY NOT SET, DO NEXT
IF CARRY SET BUMP BIT CNT
BET NEXT BIT

SET CARRY BIT

FUT Y IN ACCUM

SUBTRACT 3 FROM BIT COUNT
IF MINUS, OK

NOT MINUS, RESET IRQ.
WAIT FOR GOOD SELECTION

SAMFLE AGARIN

MASK FARITY BIT

PARITY SELECTION ERROR
GET CURRENT SCSI BUS ST.
CHECK SEL

IF NOT SET, FARILURE

SET BSY MASHK

SET BSY SEL COMPLETE

s RETAIN ICR VALUE
RESET INTERRUPT

PHASE MISMATCH CONDITION

LOAD X WITH PHASE POINTER
LOAD CURRENT SCSI BUS STATUS
MASK ALL BUT FPHASE BI1TS
COMPARE 70 XPTED PHASE

YES, FHASE MATCHES

ELSE, DIFFERENT PHASE

FHASE
SHIFT TO TCR REG. FORMAT

STORE IN TCR
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LINE# LOC CODE LINE

V@329 C3FS AD @7 DE LDA SSz8a+7 i RESET INTERRURT

PB33@ C3F8 ARI9 18 LDA #MESSO ;5 LOAD MESSOUT VALUE

@2@331 C3FA DD @7 Ce CHMF XFTPHS, X ; WAS FHASE MATCH MESS. OuT
V¥R33z C3FD D@ @R BNE GMR 5 IF NOT MESS. 0OUT, CONTINUE

V@333 C3FF

i
VR334 C3FF ;3 MESSRGE 0uT, RESET ATN
@335 C3FF ;
PR336 C3FF AD ©B1 Ca LDA ICRVAL GET INITIARTOR CmD. REG

"
V@337 C402 &9 FD AND #%11111101 ; MASK OFF ATN
22338 C4@4 8D @1 DE STA S5380+1 : TURN OFF ATN I
@2339 C4@7 8D @1 Co STA ICRVAL : UPDATE ICR VALUE =
Q234@ C40A AD @& DE GMR LDA S538@+& ; GET MODE REG a8
Y0341 C4@D ©3 O ORA #%20022212 ; SET DMA MODE RBIT <
Q2342 C40F 8D @02 DE STA SS380+& ; STORE IN TCR &
®2343 C412 AD ©3 DE LDA SS538@+3 i BET PHASE AGAIN
Q8344 C415 29 @1 AND #%20Q0@d21 ; SET 1/0 MASK
22345 C417 F@ OB BEG IDMAO 3 1F ZERD, DMA OUTFUT
20346 C419 ;
V2347 C419 ; INITIARTOR DMA INPUT
20348 C419 ;
Y2349 C419 8D @7 DE IDMAI STA S538@+7 ; START INIT. RCV.
20350 C41C R 0@ LDY #2@ 3 INITIALIZE Y
Q2351 C41E 20 FE C4 JSR DMAIN ; PERFORM DmA INFUT
@235z C421 4C 2D C3 JMP NXT : PREFARE FOR NEXT PHASE
V0353 C4c4k ;
0R354 C44 : INITIATOR DMA OQUTRUT
Q1355 Caz4a :
Q0356 C424 &0 27 CS IDMAD JSR DMAOUT ; FERFORM DMA OUTPUT
@2357 C427 8D ©OC DE STA SDMA 3 EXTRA WRITE FOR ACK TO GO OFF
02358 C42A 4C 2D C3 JIME NXT s FREPARE FOR NEXT FHASE
@2359 C42D ;
22362 C42D i TARGET OPERATION
V2361 C4&D ;
Q8362 C42D AD @& DE RES LDA S538@+& 3 GET MODE REGISTER
V@363 C432 @9 oc ORA #%@02Q2019;0R IN DMA MODE EBIT
22364 C432 8D @2 DE STA SS380+2 ; SET DMA MODE EIT
V0365 C435 RE 06 C@ LDX PHSIDX ; LOAD X W/PHASE INDEX
Q0366 C438 ED @8 C@ LDA XPTPHS+1,X; BET FHASE COUNT
@d367 C43B 8D 25 Ce STAR COUNT ; STORE IN PHASE COUNT BYTE
Q8368 C43E ED @9 C@ LDA XPTPHS+&, X; GET COUNT MULTIFLIER
¥2369 C441 8D 26 CO STA XCNT ; STORE IN MULTIFLIER
Q237@ Ca44 ;
@8371 C444 AD @S DE LDA S5380+5 ; GET BUS & STATUS REG.
V0372 C447 29 o2 AND #%22000210 ; MASK ATN EBIT
@0373 C449 D@ 4D ENE MESSQT : ATN ACTIVE DO MESS OUT PHASE
Q2374 C44B AE 06 CO LDX PHSIDX ; GET CURRENT PHASE INDEX
Q0375 C44E A9 80 LDA #DISCON ; GET DISCONNECTED VALUE
@2376€ C450 DD @7 C® CMP XPTFHS, X : COMPARE W/PHASE VALUE
Q2377 C453 F@ 3B BERG DISCTD 3 IF =, TIME TO DISCONNECT
V0378 C455 BD @7 C® LDA XPTEHS, X ; GET PHASE
Q0379 C458 ED @7 C@ LSR ; SHIFT TO TCR FORMAT
@238@ C45B BD @7 CO LSR :
02381 C4SE 8D @3 DE STA 55380+3 ; STORE IN TARGET COMMAND REG.
22382 C461 29 @i AND #%22002021 ; SAVE 1/0 EIT
Q2383 C463 F@ 1D BEQ TDMAO 3 IF ZERO, DMA OUTFUT
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LINE# LOC CODE LINE

22384 C4635
02385 C4€S
20386 (465

TARGET DmA INFPUT

. we aa

20387 C465 6D @6 DE TDMAI STA SS538@+6 : START DMA TARGET RCV
Q8388 C468 A2 @1 LDY #21 ; SET Y TU ONE, SO NO EXTRA REG
02389 C46A &0 FE Ca JSR DMAIN : PERFORM DMA IneuT
20392 C4ED :

283391 C46D ; HANDLE LAST BYTE TO FREVENT EXTRA REG
Q8392 C4ED :

Q2393 C46D &C @5 DE LSTDRG BIT SS5380+5 ; LOOK FOR DRO

Q0394 C470 SO FEB BVC LSTDRG : LOOE TILL ON

@2395 C472 AD 02 DE LDA 5538@+& ; GET MODE REG.
Q0396 C475 &9 FD AND #%111111@1  ; MASK DMA MODE BIT
@397 C477 8D @& DE STA S538@+E : RESET DMA WODE EiT
22398 C47A AD @C DE LDA SDMA t GET LAST BYTE &3
@2399 C47D 91 FE STA (BENTR),Y 3 STORE LAST BYYE
@U4B@ C47F 4C 2D C4 JmE RES ; DO NEXT PHASE
20421 C48Z :

Q042E  C48E ; TARGET DMA OUTRUT

20403 C482 ;

Q@424 C4BE 20 27 CS TDMAO JSR DMAOUT s PERFORM DMA QUTSUT
@2425 C4BS AD V& DE LDA SS382+E 1 GET DMA MUDE

Q0406 C488 29 FD AND #%111111@1 ; MASK DMA MCDE EIT
20407 C48A 6D O DE STA S5380+a ; RESET DWA MODE BIT
Q0408 C48D 4C &D Ca4 JIMF RES : DO NEXT FHASE

20429 - C490@

L]
20410 C450 ; TARGET DISCONNECT
@v411 C492 :
Q2412 C49@ AI 2@ DISCTD LDA #2@ ; LUAD ACCUM W/ ZZRO
Q0413 C4392 8D 01 DE STA S5382+1 : RESET HBY & OTRER SIGNALS
Q0414 C495 A9 0O LDA #DISCNT ; DISCONNECTED STATUS
20415 C497 6@ RTS + RETURN TO CALLING HRGM

02416 C498
V2417 C498
20418 C498
22419 C498 A9 18

MESSOUT FHASE (TARGET)

T oo as s

ESSOT LDA #MESSO GET VALUE OF MESSAGE UuT

.
20428 C49A A9 18 DE LSR ¢ SRIFT TO TCR FORMAT
@@4c1 C49D A9 18 DE LSR H
20422 C4ARG 8D V3 DE STA 35380+3 1 MESSOUT PHASE
Q04283 C4R3 RI9 @1 LDA #1 5 LOAD MULTRLIER/COUNTER VALUE
P44 C4AS CA DEX t MOVE FPOINTER
Q0425 C4Re 9D @7 C@ STA XFTPHS, X 5 STORE MULTIFLIER
20426 C4R9 CA DEX s MOVE POINTER 7O COUNT VALUE
20427 C4RR 9D @7 Co STR XPTPHS, X y STORE COUNT
V48 C4AD CA DEX 5 MOVE TO FHRSE
2423 C4RE 8E @6 CB STX PHSIDX ;5 UPDATE MCGVED FHASE INDEX
VB438 CaBl 4C 8z C4 JME TDMRO s DO DmA OUT

02431 C4B4
Q0432 C4B4
0433 C4B4a

DIFFERENT. PHASE

O e e o

00434 Ca4B4 A9 1IC = LDA #MESSI s LOAD VALUE OF MESSAGE I FwASE
V0435S C4B6 DD @7 Ce CMP XPTPHS, X s IS THIS A MESSAGE IN PHABE
00436 C4B9 FO@ @3 BEQ MESSIN 5 IF=, RERD MESSAGE

V2437 C4BEB R9 07 LDAR #DIFFPH 3 LOAD DIFFERENT FHASE ST.

02438 C4BD 60 RTS 5 RETN W/UNEXFEZCTED FHARSE STATUS
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LINE# LOC CODE LINE

@2439 C4BE
V0440 C4BE
BR441 C4BE

i
;5 MESSAGE IN FHASE
V@442 C4BE 60 @7 CO MESSIN LSR

5 SHIFT TO TCR FORMAT
V443 C4C1 60 07 Co LSR :
V@444 (C4C4 8D @3 DE STA SS38a+3 5 LOAD TCR
V2445 C4C7 AD @7 DE LDA S5388+7 3 RESET INT.
02446 C4CA AD 04 DE FOLL LDAR S5380+4 ;5 READ CURRENT BRUS STATUS
V2447 C4CD 29 2o AND #%2212002@ :; LOOK FOR REG. o
Vd448 C4CF FO F9 BEQ FOLL ; IF ZERO, NO REQ. -5
224439 C4D1 AD V1 C0 LDA ICRVAL 5 GET CURRENT ICR VALUE ggg
V2450 C4D4 @9 1@ ORA #%00010002 ; OR IN ASSERT ACK V’E
20451 C4D6 8D @1 DE STR §5380+1 ;3 RSSERT ACK o
20452 C4D3 8D a1 Ce@ STA ICRVAL 5 UPDATE ICR
VB453 C4DC AD 04 DE STILON LDA S5380+4 s RERD CURRENT BUS STATUS
2454 C4DF 29 co AND #%2210002@ ; LOOK FOR NOT REQ
BB45S C4E1 DO F9 BENE STILON 5 IF NOT ZERO, S7TILL ON
V2456 C4ES A9 00 LDA #CMDCFL ;5 LOAD COMMAND COMPLETE

PB457 C4ES
V2458 C4ES
VR459 C4ES

LEAVE ACK ACTIVE SO MESSAGE CAN EE REJECTED

- @ we

V2460 C4ES CD 96 DE CMp S5380+6 ;5 COMFARE W/MESSAGE

20461 C4E8 D@ ©E BNE DIFMES : IF NOT CmD COmMPLTE, DIFF,
ed462 C4ERA AD 01 Co LDA ICRVAL 5 GET ICR VAL

2V463 C4ED 29 EF AND #%111@1111 3 MASK ACK BIT

Q0464 C4EF 8D @1 DE STA S5380+1 5 RESET ACK

VY465 C4F2 8D 01 CO STAR ICRVAL s UFDATE ICR

BR466 C4FS 4C 2D C3 JMP NXT 5 60 TO NEXT FHASE

V467 C4F8 H

Vo468 C4F8 ;5 NOT MESSAGE COMPLETE, RETURN FOR EVALUATION
V04639 C4F8 H

00470 C4F8 ARE 06 DE DIFMES LDX SS5380+6 5 GET MESSAGE VALUE

VB471 C4FB R3 V6 LDA #MESSAG 3 LORD MESSAGE RETN STATUS
Q2472 C4FD 60 RTS ;5 RETURN FOR MESSAGE EVALUATION

V8473 C4FE
BB474 C4FE

L]
1,
VV475 C4FE 3 DMA INPUT
@8476 C4FE H
Q0477 C4FE A9 0O DMARIN LDA #o@ 5 ZERO ACCUM.
20478 CS@0 AA TAX s ZERO X

22479 CSe1
20480 CS01
20481 C5e1

RESET ASSERT DATA BUS

s e ae

00482 CS@1 AD V1 Co LDA ICRVAL 5 GET ICR VALUE

2v483 CS04 &9 FE AND #%11111118 § MASK ASSERT DATA BUS
20484 C5S06 8D 01 DE STA S538@+1 ;5 RESET ASSERT DATR BUS BIT
20485 CS09 8D o1 Ce STA ICRVAL s UPDATE ICR

20486 C5e@C H

20487 CSecC 5 WAIT FOR DRQ

20488 CSecC H

20489 C(CSOC =2C @5 DE REFT1 BIT S5380+5 5 TEST FOR DRQ

V2498 CSOF S8 FB BVC REPT1 s IF NOT THERE, LOOP

80491 C511 H
20492 CS11 AD @C DE GO1 LDA SDMA
PB493 CS14 91 FB STR (BPNTR),Y

READ DMA PORT
STORE DATA IN BUFFER

P

NCR SCSI Products 04/88 113



LINE# LOC CODE LINE

02494 CS16 C8 INY 5 INCR. FOINTER

Qv495 CS17 CC 295 Ce CRY COUNT ; DONE?

@496 CS1A DO Fe BNE REFT1 5 IF NOT ZERO, REFEAT

V2437 CS1C E8 INX s ZERO, CHECK MULTIRLIER

22498 CS1D EC 26 Ce CPX XCNT 5 COMPARE X WITH MULTIFLIER

BR499 CSzv Fa 3z BEQ NXTPHS ; IF EQUAL, COUNT DONE

soSed CSzz E6 FC BUMF INC EBPNTR+1 5 GREATER THAN £56& BYTES BUMP MSE
20501 CS5&4 4C 11 CS JmP GO1 5 BGET MORE BYTES !

eaSes CS5e7
aes5e3 Csz7
vase4 CsSa7

DMA OUTRUT

O as e

20585 CSa7 A3 01 MAOUT LDA #%0Q2@02@21 ; SET MASK

voSee CSz9 @D 21 Co ORA ICRVAL 3 OR WITH ICR VALUE
easa7 CsSeC 8D @1 DE STR S5380+1 5 SET ASSERT DATA BUS EIT
BOSV8 CSeF 8Dh @1 Ce STA ICRVAL 5 UPDATE ICR VALUE

vaSe3 CS532 8D @S DE STA S538@+5 3 START DMA INIT SEND

¥@51@ CS35
easi1  C53S
Bas1e CS3S

LOOK FOR DMA REQ (DRQ)

ws ae w

20513 CS3S R9 0w LDA #2@ ;5 ZERO ACCUM

@@S14 CS37 A8 TARY s ZERO VY

80515 C538 AR TAX 5 ZERO X

Y2516 CS39 &C @5 DE REPT BIT S5380+5 ;5 SAMPLE DRQ

V8S517 CS3C SO FB BVC REFT ’ 3 IF NOT SET, REFERAT
PV518 CS3E BL1 FB GO LDA (BRNTR), Y s GET BYTE FROM BLOCHK
00519 CS54@ 8D oC DE STA SDMA 5 WRITE BYTE TO CHIP
20528 CS43 C8 INY 5 INC Y POINTER

02521 CS44 CC &5 Cce CPY COUNT ;5 COMPARE WITH BYTE CNT
veSee CS47 DO Fe BNE REPT s IF Y NOT EQ. SEND MORE
veSes CS49 E8 INX 5 IF EQUAL INCR. X

B25&4 CS4R EC 26 Ceo CPX XCNT ;3 COMPARE W/ MULTIPLIER
20525 CS4D FO @S BEG NXTFHS 5 IF EQ, NEXT FHASE
¥vSe6 CS4F E6 FC INC BPNTR+1 s MORE THAN 256 BuMP MSB
vaSe7 CSS1  4C 3E CS JMF GO ;5 SEND MORE DATA

2v5z8 CS54 H

we5e9 CS54 H NEXT PHASE

V2538 CS54 H

80531 CS554 EE 06 C@ NXTPHS INC PHSIDX 5 PHASE FOINTER INDEX +3
¥8S3z CSS7 EE 06 Co INC PHSIDX H

98533 CSS5A EE 06 C@ INC PHSIDX H

BV534 CSSD 6w RTS 5 RETN TO INIT OR TRGT OPER.
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A4. NCR 5381—Differential Pair
Option

The NCR 5381 is a 48 pin version of the NCR
5380 device designed to support external differential
pair transceivers. These external transceivers are con-
trolled with the additional signals provided in the higher
pinout package. The NCR 5381 may still operate at a
single-ended device if the SINGLEND signal (pin 2) is
active. In single-ended operation, the signals provided
for differential support remain functional.

The use of the DIFFERENTIAL ENABLE bit
(bit 5) in the Initiator Command Register reflects the

only software difference between the two parts. When
active, this bit is used to assert the signals IGS (pin 18)
or TGS (pin 14) depending on the status of the TARGET
MODE bit (port 2, bit 6). (IGS is active if TARGET
MODE is false and TGS is active if TARGET MODE is
true.) As in the NCR 5385/86, IGS is used to enable the
external drivers for the signals ACK (pin 17) and ATN
(pin 18) and TGS is used to enable the external drivers
for the signals I/O (pin 20), C/D (pin 21), MSG (pin 22)
and REQ (pin 23).

The signal differences between the NCR 5380
and the NCR 5381 are as follows:

Pin

SIGNAL NAME

DESCRIPTION

2

36

14

12

48

25
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SINGLEND

DBEN

TGS

IGS

ARB

BSYOUT

This signal, when active (1) selects the single-ended mode of operation.
When inactive, the NCR 5381 operates in the differential pair mode.

These signals will change from input/output pins to input only pins if the
SINGLEND signal is false.

SINGLEND =1 SINGLEND = 0

PIN #16 BSY BSYIN
PIN #15 SEL SELIN
PIN #19 RST RSTIN

This signal is asserted whenever the ASSERT DATA BUS bit (port 1,
bit 0) and the TARGET MODE bit are set (1). It is also asserted when
ASSERT DATA BUS and PHASE MATCH are true and both TARGET
MODE and T/O are false. This signal is used to enable the external trans-
ceivers to drive the data bus.

This signal is active when the TARGET MODE bit and the DIFFEREN-
TIAL ENABLE bit are true. It is used to enable the external transceivers

to drive I/O, C/D, MSG, and REQ.

This signal is active when the TARGET MODE bit is false and the DIF-
FERENTIAL ENABLE bit is true. It is used to enable the external trans-
ceivers to drive ACK and ATN.

The NCR 5380 chip asserts this signal when the ARBITRATION bit is
set and the device has detected a bus free condition. It is used to assert the

proper device ID on the bus during the arbitration phase.

This signal is active whenever BSY is asserted. This signal will be inac-
tive at all other times.
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Pin SIGNAL NAME DESCRIPTION

24 SELOUT This signal is active if the ASSERT SEL bit is true. Conversely, this sig-
nal is inactive if the ASSERT SEL bit is reset.

38 RSTOUT This signal is active if the ASSERT RST bit is true. Conversely, this sig-
nal is inactive if the ASSERT RST bit is reset.

1z
—
_—
a2
=
<
a

po 1 \_/ 4[ARs
SINGLEND [] 2 47 0 D1
DB7 (4 3 6D -
« Qg+« s .
- 0Os 4 ] .
« [Os 30 -
N 20 .
« [Os 41 Do7
« Qo 40 O A2
pBo O 10 39 J A1
o8P [ 11 38 [J RSTOUT
1Gs 12 37 0 voo
GND [ 13 36 [J DBEN
TGS [ 14 35 [J A0
SELIN O 15 34 [] iow
BSYIN (] 16 33 [J RESET
ACK (17 32 [J EOP
ATN [ 18 31 [J DACK
RSTIN (4 19 30 [J READY
vo d 20 29 [110R
c/d [ 21 28 [ IRQ
MSG [ 22 27 [J DRQ
REQ [ 23 26 [1Cs
SELOUT [ 24 25 [J BSYOUT

NCR 5381 PINOUT
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NCR 5381 Suggested Differential Pair Interface

:
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NCR
5381

NOTE: DBO-7, DBP, ACK, ATN, MSG, CID, 1/0, and REQ
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(3) BB7

(2) 74L500

3 .
74L504
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(4) DBB

(5) 0B%

(6) OBa

(7) OB3

(8) bBZ

(9) DB

(10) D8O,

(11) DBP

44 4 444 4140
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(12) 1S
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(17) ACK
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(18) ATN
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y

(22) MSG

\

(21) D

(20) 70
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|

(3) AEQ

44
Y

(25) BSYOUT

(16) BSYIN

(24) SELOUT

(15) SEON

AV MY

(36) DBEN _

(48 ARB
(38) ASTOUT

(19) ASTIN'

AY

|(2) SINGLEND

require pu

H-ups.

T1 75176
OR
NATIONAL
3695
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A5. NCR 53C80 Product Information

The NCR 53C80 CMOS SCSI interface device
is functionally equivalent to the NMOS NCR 5380
device. However, this chip does not offer pin
compatibility.

CMOS and NMOS are entirely different proc-
esses with inherently different device characteristics. All
CMOS devices are designed to prohibit a condition com-
monly referred to as “latch-up.” When the high current
48 ma drivers in the NCR 53C80 switch, noise level is
sufficiently high, the output drivers become more prone
to “latch-up.” Therefore, for the CMOS design, pin
compatibility has been foresaken for reliability. Four ad-
ditional ground lines have been added to increase design
stability. Having additional ground signals also allows
the output buffers to switch more quickly, creating the
added benefit of a faster design. This does not imply that
the NMOS device is marginal in any respect.

DIFFERENCES:
To make the device easier to design with, the
NCR 53C80 contains some minor modifications. An ex-

planation of each is listed below.

Spurious RST Interrupt

If the NCR 5380 is not terminated on the SCSI
bus, the floating condition on the input of the RST signal
can generate spurious interrupts.

The NCR 53C80 contains an internal 30 uamp

pull-up on the RST signal to prevent an interrupt due to
an un-terminated bus.

True End Of DMA Status For Send Operations

If sending data to the NCR 5380 and EOP is as-
serted on the last byte, the END OF DMA status bit indi-
cates only that the last byte has been received from the
DMA device. There is no indication that this byte has
been transferred to the SCSI bus.

The NCR 53C80 uses bit 7 of the Target Com-

mand Register to indicate that the last byte of a DMA
transfer has been sent to the SCSI bus.
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Improved REQ/ACK Transition Times

The NCR 53C80 has improved the response
times of the REQ/ACK handshake signals. This has an
overall impact on achievable transfer rates. This per-
formance improvement has been attained by increasing
the number of ground lines, using faster CMOS cells,
and giving cell placement priority to the REQ/ACK sig-
nal paths.

Prevents The Possibility Of An Additional ACK From
Occurring

The NCR 5380, upon receipt of an EOP signal,
sets the EN”" OF DMA status bit and prevents additional
DMA requ sts (DRQ). It does not reset the DMA
MODE bit. If receiving data as an Initiator and the Tar-
get continues to request data for the same bus phase, af-
ter receiving an EOP pulse, the NCR 5380 will assert
ACK without issuing a DMA request (DRQ).

The NCR 53C80 prevents ACK from being as-
serted until the device is instructed to continue by writ-
ing the Start DMA Initiator Receive register.

PERFORMANCE:

Even though early material on the NCR 53C80
has demonstrated better performance than the NCR
5380, device characterization was not completed before
this section was printed.

PINOUT:

Els 12 g log |8 I8 ¢ 3 |8

6 5 4 3 2 1 4 &4 &£ 4 4«
RESET | 7 39 | 082
ma| 8 38| D81
oRa| 9 37 |080
EOP | 10 36 | VSS
BACK | 11 NCR 35 | DBP
vss |12 a2 | REQ
READY | 13 53C80 1| K
A0| 14 2|0
Al 15 31| vss
a| 16 2|cD
cs| 20 |MSG

1B 19 20 2 2 2 24 2% % 27 2

B 16 &8 8 8 § 3 8 8 & §
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DB7/

RST/

GND

BSY/

SEL/

ATN/

NC

RESET/

IRQ

DRQ

EOP/

DACK/

GND

READY

AO

Al

NC

cs/

1ow/

IOR/

D7

D5
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1

12

13

14

15

16

17

18

19

22

23

24

NCR

53C80

47

46

45

43

42

41

39

37

35

32

31

29

28

27

26

25

DB6/

DBS/

GND

DB4/

DB3/

DB2/

NC

DB1/

DBO/

GND

DBP/

REQ

ACK

110/

GND

C/D/

MSG/

NC

DO

D1

D2

D3

vDD
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A6. SCSI/PLUS*

AMPRO Computers, Inc. is proposing a gen-
eral enhancement to the SCSI specification which allows
the bus to operate as either a single or multi-master
high speed parallel bus, capable of accessing up to

SCSI/PLUS DEVICE TYPES

64 modules. This new bus structure is referred to as
SCSI/PLUS. The table below describes the types of de-
vices that may now be added due to the enhanced SCSI

specification.

EXAMPLES

Operating System Processors
and Co-processors

UNIX
MS-DOS
CP/M
FORTH
Lisp
Porlog

Communication Servers

Modems

Arcnet

Ethernet

SDLC
Mainframe links

Display Controllers

Graphics
Text
Touch

System Resources

Printer Spooler
Time-of-day clock
Speech I/0
Protocol Converter
DBMS Processor
Array Processor

Real World Interfaces

A/D
D/A
AC & DC Control

Examples of SCSI/PLUS Devices

* SCSI/PLUS is a trademark of AMPRO Computers Inc.
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SCSI/PLUS provides three functional additions
to the SCSI specification which allow the bus to operate
as either a loosely coupled distributed system bus or a
low-cost single master I/O bus. As proposed, SCSI/
PLUS is a superset of the original specification, and its
operation will not interfere with any existing SCSI im-
plementation.

To allow for more complex system configura-
tions, SCSI/PLUS provides Binary Arbitration and Bi-
nary Selection phases. The data bus represents a binary
address and accommodates 64 physical bus devices,
compared to eight in the current specification. In addi-
tion, four logical units may be associated with each bus
device for a total of 256 logical bus devices. As in the
SCSI specification, the arbitration phase is optional.

The addition of a master/slave mode to the
specification provides for a cost-effective single-master/
multi-slave configuration. This mode allows the design
of SCSI/PLUS Targets which have no on-board intelli-
gence. An optional interrupt protocol allows these
“dumb” targets to asynchronously notify the bus master
that they desire service.

To encourage board-level interchangability, a
recommended board size and interface connector is de-
fined. The preferred board size is the single-wide Euro-
card format with the double-wide card used as an option.
The proposed interface connector is the DIN 41612—
Type C connector. By using this form-factor and connec-
tor specification, bussed backplane or ribbon cable
systems may be implemented.

The SCSI/PLUS architectural concept has in-
herent advantages over traditional microprocessor back-
plane architectures. SCSI/PLUS is CPU-independent,
provides flexibility of form factor, operates across a rib-
bon cable bus, and allows both high-performance multi-
master and low-cost single-master operation.
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The NCR 5380 is an ideal part for designing an
interface to connect to SCSI/PLUS. Its simplicity pro-
vides the flexiblity needed to support the defined proto-
col modifications, and its popularity with SCSI users
guarantees plug compatibility with existing host
adapters.

The NCR 5380 uses the Output Data Register
to assert the proper device ID onto the SCSI bus during
the Arbitration and Selection phases. Since the user is
not restricted by the number of bits he is allowed to as-
sert on the SCSI data bus, the Binary Arbitration and Bi-
nary Selection phases can be easily supported. In a
Target role the Select Enable Register may be used to
generate an interrupt if any bit in this register matches
the binary address on the SCSI bus. Here again the NCR
5380 does not restrict this implementation.

The ability to support the master/slave opera-
tion requires independent control over the SCSI control
signals by the bus slave devices and recognition by the
bus master of the newly defined bus phase. The NCR
5380 provides independent signal control during Target
operation and can be configured to generate an interrupt
when a bus phase mismatch occurs if operating as an
Initiator.

As in normal SCSI implementations, the use of
on-chip bus transceivers significantly reduces parts
count and provides for a highly reliable, cost effective
SCSI/PLUS design. An additional advantage of on-chip
MOS transceivers is the low leakage current. The NCR
5380 maximum leakage current of 50 pA meets the
SCSI/PLUS bus load requirements. Up to 64 devices
may occupy SCSI/PLUS bus positions if low-leakage in-
tegrated circuits such as the NCR 5380 are used.
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A7. Register Reference Chart

READ WRITE

CURRENT SCSI DATA (00) OUTPUT DATA REGISTER (00)
7 6 5 4 3 2 1 0 10

(TIITITT] (TTLILLD)

DB7 ... DBO

INITIATOR COMMAND REGISTER

INITIATOR COMMAND REGISTER
(01) (01)
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Assert Data Bus

l [ Assert Data Bus
Assert ATN ATN
Assert SEL 1209
Assen BSY Assen SEL
Assert ACK Assert BSY
Lost Arbitration Dt ‘5'”"‘5:5; (NCR 5381)
ifferential e
Assan‘%ﬂm o frosress Test Mode
Assert RST
MODE REGISTER (02) MODE REGISTER (02)
7 6 5 4 3 2 1 0 7 6 5 4 3 1
I LMAA:::;I"OH | Adiration
o
Enable EOP interrupt or

Enable Panty Interrupt Enable EOP interrupt
Enable Panty Checking
Target Mode
Block Mode DMA

Enable Parity Interrupt
Enable Parity Checking
Target Mode

Block Mode DMA

TARGET COMMAND REGISTER (03)

7 6 5 4 3 2 1 0 TARGET COMMAND REGISTER (03)

7 6 5 4 3 2 1 0
[ fofofel [ [T] LX< [ [ ]]
I Assen 70 [ Assent 70
Assert /D Assert C/D
Assent MSG Assert MSG
Assert REQ Assert REQ
Last Byte Sent (53C80) Not Writable
CURRENT SCS! BUS STATUS (04) SELECT ENABLE REGISTER (04)
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
LITTTTITT] LI I T
’ | L oee 587 ... OB
1 SEL
&5 /0
_L_MSG
_L_REQ
_L_BSY
RST
BUS & STATUS REGISTER (05) START DMA SEND (05)
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
LILITTT T BERRRERR
| L2
Phase Maich
interrupt Request
Panty Error
DMA Request
End of DMA
INPUT DATA REGISTER (06) START DMA TARGET RECEIVE (06)
7 6 5 4 3 2 10 7 6 5 4 3 2 1 0
LLITTT T EEEEEEER
DB7...DBO
RESET PARITY/INTERRUPT (07) START DMA INITIATOR RECEIVE (07)

pooonaon GELGERER]

NOTE: X = DON'T CARE
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53C80-40 SCSI INTERFACE

The NCR 5380 family of devices are designed
to meet the SCSI protocol as defined by the ANSI stan-
dard. All the chips in the family can function as initiators
or targets allowing them to be used in host adaptor and
peripheral controller applications. These devices support
arbitration as well as reselection. The 5380 family con-
tains on-chip single-ended drivers which allow for direct
connection to the SCSI Bus. These chips are controlled
by reading and writing several internal registers which
may be accessed by standard or memory-mapped I/0.
Minimal processor intervention is required for DMA
transfers because the chips control the SCSI handshaking
signals.

There are five products that make up the NCR
5380 family: the 5380, 53C80-40, 53C80, 5381, and
53C8l1.

The 5380 is an NMOS SCSI protocol controller
that contains several registers which are used to control
the SCSI signals.

The 53C80-40 is a CMOS device designed as a
higher performance replacement for the 5380. It has a

NCR SCSI Products 04/88

faster SCSI handshake and uses less power than the
5380.

The 53C80 is a CMOS device that is function-
ally equivalent to the 5380 except that it has additional
ground lines to maximize noise immunity which results
in a larger package. Additionally, the 53C80 chip can be
used as a core cell in ASIC designs. The design method-
ology and functionality has been proven in many semi-
custom designs.

The 5381 is an NMOS device that is also func-
tionally equivalent to the NMOS 5380 except that the
5381 includes signals which support the SCSI differen-
tial mode of operation.

The 53C81 is identical to the 5381 except that it
is a CMOS device. All of these devices come in a variety
of packages.

A product manual for the entire NCR 5380
family will be available the second quarter of 1988.
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SCSI ASIC ABSTRACT

One of the main changes in the integrated cir-
cuit industry is the trend toward customization. NCR
Microelectronics has recognized this trend and, as a re-
sult, implemented the NCR SCSI ASIC Design Pro-
gram.

The NCR SCSI ASIC Design Program can be
used by the customer to incorporate SCSI into a cus-
tomized logic design while conforming to the ANSI
standard. Cost reduction, enhanced performance, re-
duced board space, product security and a unique prod-
uct offering are some of the advantages of customizing a
SCSI design.

NCR Microelectronics offers the VS2000 Stan-
dard Cell Library of logic functions for use in designing
semi-custom integrated circuits. The VS2000 has a
2-micron minimum feature size and is upwardly compat-
ible with the existing 3-micron VS3000 Standard Cell
Library and the 62A00 Gate Array Library.

The NCR 53C80 SCSI Supercell is a 2-micron
standard cell that is functionally equivalent to the
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NCR 53C80 SCSI Interface Chip. It is designed to ac-
commodate ASIC designs incorporating SCSI. The Su-
percell operates in both the initiator and target roles and
can therefore be used in a variety of applications. In-
cluded in the cell are special high-current open-collector
output drivers, capable of sinking 48mA at 0.5V, that al-
low for direct connection to the SCSI Bus.

The Supercell provides the following benefits:
isolation of the SCSI function, high density, no dedicated
test pins, clean customer interface, minimal require-
ments on external ASIC logic, consistent performance,
and a proven production test program that assures a high
quality level.

At present, a simulation model of the Supercell
is available as a DABL™ model for Daisy® worksta-
tions. The Supercell is also available for Mentor
Graphics® workstations.

Additionally, an optional oscillator cell has

been developed which can be used in conjunction with a
design using the Supercell.
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5386 SCSI PROTOCOL CONTROLLER

General Description Below is a list of important features:

The NCR SCSI Protocol Controller (SPC) is SCSI Interface
designed to accommodate the Small Computer Systems

Interface (SCSI) as defined by the ANSI X3.131 SCSI * Supports ANSI X3T9.2 SCSI Standard

standard. The SPC operates in both the Initiator and Tar- * Asynchronous data transfers to 2.0 MBPS

get roles and can threfore be used in host adapter and ® Supports both Initiator and Target roles

control unit designs. This device supports arbitration, * Parity generation with optional checking »
including reselection, and is intended to be used in sys- * Supports arbitration -5
tems that require either open collector or differential pair ¢ Controls all bus signals except Reset § a
transceivers. * Doubly-buffered Data Register E

The NCR 5386 SCSI Protocol Controller com- MPU Interface

municates with the system microprocessor as a peri-

pheral device. The chip is controlled by reading and ¢ Versatile MPU Bus Interface

writing several internal registers which may be ad- ® Memory or I/O mapped MPU interface
dressed as standard or memory mapped 1/0. A 24-bit ® DMA or programmed I/O transfers
Transfer Counter and the appropriate handshake signals ¢ 24-bit Internal Transfer Counter
accomodate large DMA transfers with minimal proces- ¢ Programmable (Re) Selection Timeouts

sor intervention. Since the NCR 5386 interrupts the ¢ Interrupts MPU on all bus conditions requir-
MPU when it detects a bus condition that requires serv- ing service

icing, the MPU is freed from polling or controlling any ¢ SCSI pass parity optional with checking

of the SCSI bus signals.

DMA _B;;EKQ-— SCSI DATA BUS b2 T V@®h vce
CONTROL A — WIPARITY o1 d2 47b D3
T5—ad : e—BSY IN | Do d3 4P D4
AO—el —»-BSY OUT RESET 44 45 E D5
W—’ le—SEL IN ATN 05 4P D6
REGISTER _| Ao———— | »-SEL OUT SGSI CONTRO 1GS d6 4ah o7
ADDRESSING a2~ ATN |SCSI C LS o d7 42 p BSyouT
Al—ao NCR e ACK WIO RESET c/D ds 41 p SB7
A2 5386 lt->-REQ MSG 49 40 P SB6
pe] W  poie e mep
A Fe»C/D iEQ 5386
pATA BUS () 110 D2 912 s 37 P SB3
[CLK— - D1 §13 pn 36 P SB2
—»=IGS (oP)ID0 14 35 P sB1
MASTER _|RST—e» —*TGS | 5us GATING ARB O15 34 b SBO
SIGNALS  |[vCC— L —e=SEEN cLK 916 B b SBP
IGND. —»=ARB BSYIN 17 32 p SELOUT
SELIN 18 31 P RD_
S 45 3P M
INT X SBEN
IDO!D2}-IDSTRAP EN 3% 2B s
(DP) A0 422 7 p
Al Q23 26 P A3
GND {24 25 ph A2

Functional Pin Grouping Pinout
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Pin Description
Microprocessor Interface Signals

CLK 16 Symmetrical square wave signal which generates internal chip timing.
Maximum frequency is 10 MHz.

RESET 4 When high (1), this signal forces the chip into a reset state. All current
operations are terminated. Internal storage elements are cleared and self-
diagnostics are performed.
(7]
i
DO-D7 3-1 These signals comprise an active high data bus. It is intended that these E §
47-43 signals be connected to the microprocessor data bus. =
a.
INT 19 This signal is used to interrupt the microprocessor for various bus condi-

tions that require service. INT is set high for request and cleared when
the chip is reset or the Interrupt Register is read.

WR 30 Write pulse (active low) is used to strobe data from the data bus into an
internal register which has been selected.

RD 31 Read pulse (active low) is used to read data from an internal register that
has been selected. The contents of the register are strobed onto the data
bus.

cs 21 ‘When low (0), this signal enables reading from or writing to the internal

register which has been selected.

A0-A3 22,23,25,26 These signals are used in conjunction with CS, to address all the internal
registers.
DREQ 29 Data request. When high (1), this signal indicates that the internal Data

Register has a byte to transfer (inputting from the SCSI bus) or needs a
byte to transfer (outputting to the SCSI bus). This signal becomes active
only if the DMA mode bit in the Command Register is on. It is cleared
when DACK becomes active.

DACK 27 Data acknowledge. When low (0), this signal resets DREQ and selects
the Data Register for input or output. DACK acts as a chip select for the
Data Register when in the DMA mode. DACK and CS must never be ac-
tive at the same time.

SCSI Interface Signals
ID0-ID2 14-12 These active low signals determine the three-bit code of the SCSI bus ID
(DP) assigned to the chip. External pullup resistors are required only if tied to

switches or straps.

(Optionally, pin 14 may be used as the data bus parity signal. In this case,
the device ID is programmed by the system processor and pins 12 and 13
are not used. Refer to Section 4.6, “ID Register,” for a detailed descrip-
tion.)
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SB0-SB7, SBP

BSYIN

BSYOUT

SELIN

SELOUT

ATN

ACK

REQ

MSG, C/D, I/O

IGS

TGS

SBEN

ARB

Power Signals
vCC

GND

N

132

34-41, 33

17

42

18

32

10

11

9,8,7

28

20

15

48

24

Active high data bus. These signals comprise the SCSI data bus and are
intended to be connected to the external SCSI bus transceivers.

When high (1), this signal indicates to the chip that the SCSI BSY signal
is active.

When high (1), the chip is asserting the BSY signal to the SCSI bus.

When high (1), this signal indicates to the chip that the SCSI SEL signal
is active.

When high (1), the chip is asserting the SEL signal to the SCSI bus.

INITIATOR ROLE: The chip asserts this signal when the microprocessor
requests the attention condition or a parity error has been detected in a
byte received from the SCSI bus.

TARGET ROLE: This signal is an input which indicates the state of the
ATN signal on the SCSI bus.

INITIATOR ROLE: The chip asserts this signal in response to REQ for a
byte transfer on the SCSI bus.

TARGET ROLE: This signal is an input which, when active, indicates a
response to the REQ signal.

INITIATOR ROLE: This signal is an input which, when active, indicates
that the Target is requesting a byte transfer on the SCSI bus.

TARGET ROLE: Asserted by the chip to request a byte transfer on the
SCSI bus.

INITATOR ROLE: These signals are inputs which indicate the current
SCSI bus phase.

TARGET ROLE: The chip drives these signals to indicate the current bus
phase.

Initiator Group Select. When high (1), this signal indicates to the external
SCSI drivers that the chip is controlling in the Initiator role. Its purpose is
to enable the external drivers for ATN and ACK. When low (0), ATN
and ACK should be received.

Target Group Select. When high (1), this signal indicates to the external
SCSI drivers that the chip is controlling in the Target role. Its purpose is
to enable the external drivers for REQ, MSG, C/D, and I/O. When low
(0), REQ, MSG, C/D, and I/O should be received.

SCSI data Bus Enable. When low (0), this signal directly enables the ex-
ternal SCSI data bus drivers.

Arbitration phase. When high (1), this signal enables the external cir-
cuitry to place the ID bit on the SCSI bus for the Arbitration phase.

+5V input

Signal reference input
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Electrical Characteristics Preliminary

OPERATING CONDITIONS
PARAMETER SYMBOL MIN MAX UNITS
Supply Voltage VpD 4.75 5.25 \"le}
Supply Current DD 300 mA ‘:’»3
Ambient Temperature TA 0 70 °C @ 2
o
o«
a.

INPUT SIGNAL REQUIREMENTS

PARAMETER CONDITIONS MIN MAX UNITS

High-level Input, ViH 20 5.25 Voc

Low-level Input, V| -0.3 0.8 Voc

High-level Input Current, l|4 VIH =5.25V 10 MA

Low-level Input Current, ljL ViL=0V -10 LA

OUTPUT SIGNAL REQUIREMENTS (Except SBEN , IGS, and TGS)

PARAMETER CONDITIONS MIN MAX

High-level Output Voltage, VOH VDD=4.75V @ 2.4 - voc
IOH': -400 uA

Low-level Output Voltage, VOL VpD=4.75V @ 0.4 Voc
loL=2.0mA —

SBEN, IGS, and TGS SIGNALS

PARAMETER CONDITIONS MIN MAX UNITS

High-level Output Volitage, VOH VDD =475V @ 2.4 —_ voc
IOH = -400WA

Low-level Output Voltage, VoL VpD=4.75V @ 0.4 Voc
loL=4.0mA —_

NCR SCSI Products 04/88 133



Internal Registers
General

The NCR SCSI Protocol Controller has a set of
internal registers which are used by the microprocessor
to direct the operation of the SCSI bus. These registers
are read (written) by activating CS with an address on
A3-A0 and then issuing a RD/(WR) pulse. They can be
made to appear to a microprocessor as standard 1/O
ports or as memory-mapped I/O ports depending on the
external circuitry that controls CS. The following sec-
tions describe the operation of these internal registers.

Register Summary

A3 A2 Al A0 R/W Register Name

0 0 O 0 R/W DataRegister |

0 0 0 1 R/W Command Register

0 0 1 0 R/W Control Register

0 0 1 1 R/W Destinationl/D

0 1 0 0 R Auxillary Status

0 1 0 1 R/W IDRegister

0 1 1 0 R Interrupt Register

0 1 1 1 R Source ID

1 0 0 0 R Data Register 2

1 0 0 1 R Diagnostic Status

1 1 0 0 R/W Transfer Counter (MSB)

1 1 0 1 R/W Transfer Counter (2nd Byte)

1 1 1 0 R/W Transfer Counter (LSB)

1 1 1 1 R/W Reserved for Testability
Data Registers

The Data Registers are used to transfer SCSI
commands, data, status and message bytes between the
microporcessor data bus and the SCSI bus. These are

7 6 54 3 2 10

eight-bit registers which are doubly-buffered in order to
support the maximum throughput. In the non-DMA
mode, the microprocessor reads from (writes to) Data
Register 1 by activating CS with A3-A0 = 0000 and is-
suing a RD/(WR) pulse. Two bits have been provided in
the Auxiliary Status Register to indicate the status of
both Data Register 1 and Data Register 2. In the DMA
mode, the DMA logic reads from (writes to) Data Regis-
ter 1 by responding to DREQ with DACK and issuing a
RD/(WR) pulse. The SCSI bus reads from or writes to
Data Register 2 when the chip is connected as an Initia-
tor or Target and the bus is in one of the Information
Transfer Phases.

Command Register

The Command Register is an eight-bit register
used to give commands to the SCSI chip. The micropro-
cessor and write to (read from) the Command Register
by activating CS with A3-A0 = 0001 and issuing a WR/
(RD) pulse. Writing to the Command Register causes the
chip to execute the command that is written. The Com-
mand Register can be read; however, the chip resets the
Command Register when the SPC sets an Interrupt.
Therefore, one cannot guarantee that the data in the re-
gister will be correct after loading an interrupting com-
mand or enabling selection or reselection. To be safe, a
copy of the last command issued whould be stored in the
microprocessor’s memory. Immediate commands are not
stored.

Control Register

The eight-bit read/write register is used for en-
abling certain modes of operation for the SCSI Protocol
Controller. The microprocessor reads from (writes to)
the Control Register by activating CS with A3-A0 =
0010 and issuing a RD/(WR) pulse.

Select Enable
’ Reselect Enable

Parity Enable
Valid Phase Enable

134
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BIT 7-4  RESERVED

BIT 3 VALID PHASE ENABLE When this bit is a “1”, the chip generates an interrupt for phase changes only
when REQ becomes active. When bit 3 is a “0”’, the chip generates interrupts for
phase changes that occur even though REQ may not be valid.

BIT 2 PARITY ENABLE

When the parity enable bit is a ““1”, the chip generates and checks parity on all

transfers on the SCSI but. When the parity enable bit is a “0”, the chip generates
but does not check parity on bus transfers.

BIT 1 RESELECT ENABLE  When this bitisa “1”, the chip will respond to any attempt by a Target to reselect
it. When the bit is a “0”, the chip will ignore all attempts to reselect it.

BIT 0 Select Enable

When this bit is a ““1”, the chip will respond to any attempts to select it as a Tar-

get. When it is a “0”, the chip will ignore all selections.

NOTE: After being reset and completing self-diagnositcs, the control register will contain all zeros.

Destination ID Register

The Destination ID Register is an eight-bit re-
gister that is used to program the SCSI bus address of the
destination device prior to issuing a Select or Reselect
command to the chip. Bits 0-2 specify the address and
bits 3-7 are always zeroes. The ID register is written
(read) by activating CS with A3-A0 equal to “0011” and
then pulsing WR(RD).

e ]

Destination ID
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Auxiliary Status Register

The Auxiliary Status Register is an eight-bit
read-only register. It contains bits which indicate the sta-
tus of the chip’s operational condition. Some of these
bits are used to determine the reason for interrupts.
Therefore, the Auxiliary Status Register should always
be read prior to reading the Interrupt Register when
servicing interrupts. After the Interrupt Register is read,
the Auxiliary Status Register bits needed to service the
interrupt may change.

The Auxiliary Status Register is read by ac-
tivating CS with A3-A0 = 0100 and then pulsing RD.
The individual bits of the Auxiliary Status Register are
defined below.

7 6 5 43 2

[TITLILH

—— Data Register 2 Full
Transfer Counter Zero
Paused

l[e}

C/ID

MSG

Parity Error

Data Register 1 Full
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BIT 7 Data Register 1 Full This bit indicates the status of Data Register 1 and must be monitored by the mi-
croprocessor during non-DMA mode commands that use Data Register 1. When
the DMA mode bit in the Command Register is off (0) and the command being ex-
ecuted is one of Send, Receive or Transfer Info command (refer to Page 141,
COMMANDS), data is transferred to (from) the chip by writing (reading) Data
Register 1. Data Register 1 Full is set on (1) when data is written and turned off
(0) when data is read. Therefore, Data Register 1 Full should be on before taking
data from the chip, and off when sending data to the chip.

The Data Register 1 Full bits are always reset (to 0) at the time an interrupting
type command is loaded into the Command Register. Therefore, when issuing
such commands, the Command Register should be loaded prior to loading the
Data Register 1 and monitoring the Data Register 1 Full flag.

BIT 6 Parity Error When this bit is one, it indicates that the chip has detected a parity error on a byte
of data received across the SCSI bus. It can be set when the chip is executing one
of the Receive commands or the Transfer Info command (when the transfer is an
input). This bit is reset after the Interrupt Register is read.

In Pass Parity mode, this bit will indicate whether MPU data had a parity error be-
fore being sent onto the SCSI bus. This parity error will not generate an interrupt
to the MPU, but the receiving SCSI device will indicate an error was detected.
The flag is useful in identifying where the error occurred.

BIT 3-5 1/0, C/D, MSG These bits indicate the status of the SCSI 1/O, C/D, and MSG signals at all times.
They define the Information Phase type being requested by the Target. These sig-
nals are significant when servicing interrupts and the chip is logically connected to
the bus in the Initiator role. An interrupt will occur with any phase change. This
allows the Initiator to prepare for the next phase of data transfer. These bits are
only held while INT is active. The bits are coded as follows:

I/0 C/D MSG Bus Phase

0 0 0 Data Out
0 0 1 Unspecified Info Out
0 1 0 Command
0 1 1 Message Out
1 0 0 Dataln
1 0 1 Unspecified Info In
1 1 0  Status
1 1 1 Message In
BIT 2 Paused When on (1), this bit indicates that the chip has aborted the command being exe-

cuted in response to the Pause command. It is turned off when the interrupting
type command code is loaded into the Command Register.

BIT 1 Transfer Counter Zero  This bit is provided to indicate the status of the 24-bit Transfer Counter. When on
(1), it indicates that the Transfer counter is equal to zero. It is intended to facilitate
interrupt servicing. This bit is also set when the Single-byte bit in the Command
Register is active.

BIT O Data Register 2 Full Since the 5386 design includes a doubly-buffered data register, this bit is used to
indicate if data has been transferred into the second data register. If bit O isa “1”,
Data Register 2 is full; if this bit is a “0”, Data Register 2 is empty.

NOTE: The Auxiliary Status Register will contain the following pattern after a Reset and self-diagnostics: 00xxx010.
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ID Register

The ID Register operates in to configurations,
the ‘“‘strapped ID”’ mode or the “programmed ID”
mode. If the ID register is written before the Control Re-
gister is written, the NCR 5386 assumes the ‘‘pro-
grammed ID” mode. In the “programmed ID” mode,
pin 14 becomes the data bus parity signal (DP) and pins
12 and 13 are not used. If the Control Register is initial-
ized and the ID register has not been written previously,
then the device will assume the “strapped ID” mode
which is identical to the NCR 5385E operation.

Strapped ID Configuration

The ID Register is an eight-bit read-only regis-
ter in the ““strapped ID”” mode, which indicates the logi-
cal SCSI bus address occupied by the chip. Bits 0-2
directly reflect the logical inversion of the chip ID input
signals IDO-ID2; the ID Register is active high whereas
the ID input signals are active low. The ID Register al-
lows the microprocessor to read the chip’s SCSI bus ad-
dress which would normally be strapped in hardware.
Bits 3-6 of the ID Register will always be zeros. The ID
Register is read by activating CS with A3-A0 = 0101
and then pulsing RD.

Programmed ID Configuration

The ID Register is an eight-bit read/write regis-
ter in the “programmed ID”’ mode, which is intended to
be programmed by the system MPU. Bits 0-2 directly
reflect the logical SCSI device ID. Bit 7 indicates if pass
parity feature is enabled. In the “programmed ID”’ mode
pin 14 becomes the parity signal for the data bus inter-
face (DP) only if bit 7 is a “1”’, and pins 12 and 13 are
not used.

7 6 5 4 3 2 10
I 0 I o|o}|o0 J
LU_ Device ID

Pass Parity Option - 0: IDO unchanged
1:1D0 becomes DP for parity pass
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Interrupt Register

The Interrupt Register is an eight-bit read-only
register. It is used in conjunction with the Auxiliary Sta-
tus Register to determine the reason for an interrupt con-
dition. This register is read by activating CS with A3-A0
= 0110 and then pulsing RD. When the Interrupt Regis-
ter is read, it automatically resets itself (after the read is
complete) and enables the chip for a new interrupt condi-
tion. Since I/0, C/D, and MSG are only held while INT
is active, the Auxiliary Status Register should always be
read prior to reading the Interrupt Register.

If a Selected or Reselected interrupt occurs af-
ter issuing a command that would normally cause an in-
terrupt, the chip will ignore the last command issued.
This allows the microprocessor to service the Selected or
Reselected interrupt prior to proceeding with the other
operation. An example of this situation is when the mi-
croprocessor issues a command to select a Target at
about the same time another Target reselects the chip. If
the chip sees the reselection first, the microprocessor
will receive an interrupt for the reselection, and the chip
will ignore the Select command, which would now be in-
valid since the chip is now logically connected on the
SCSI bus to another device.

Individual interrupt conditions are described
below. (Note: that for all cases, an interrupt condition is
on, when the corresponding bit is a one (1), and off

when zero (0).)
ﬁ
tFunction Complete

Bus Service
Disconnected
Selected

Ri lected

Not Used

Invalid Command
Not Used

7 6 5 4 3 2 1
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BIT 7

BIT 6

BIT 5

BIT 4

BIT 3

BIT 2

BIT 1

BIT O
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Not Used

Invalid Command

Not Used

Reselected*

Selected*

Disconnected

Bus Service

Function Complete

*

May be either (1) or (0).

When on (1), this bit indicates that the last command loaded into the command Re-
gister is not valid.

(Reserved)

This interrupt will be on (1) when the chip has been reselected by another SCSI
device. After setting this interrupt, the chip is logically connected to the bus in an
Initiator role and is waiting for the Target to send REQ or disconnect from the bus.

This interrupt will be on (1) whenever the chip has been selected by another SCSI
device.

After setting this interrupt, the chip is logically connected to the bus in the Target
role and is waiting for a command to be loaded into the Command Register.

The chip will become selected (reselected) only if the ID data byte put on the SCSI
bus during the Selection (Reselection) Phase has good parity and not more than
one ID other than the chip’s own ID is on.

This interrupt will be set on (1) when the chip is connected to the bus in the Initia-
tor role and the Target disconnects or when the chip is executing a Select or Rese-
lect command and the destination device does not respond before the Transfer
Counter times out.

‘When the chip is logically connected to the bus in the Initiator role, this bit will be
set on (1) whenever the Target sends a REQ which the chip cannot automatically
handle. This happens when the first REQ for connection is received or when the
chip is executing a Transfer Info or Transfer Pad command and either the Transfer
Counter is zero or the Target changes the Information Phase type.

If the valid phase enable bit is not set, Bus Service interrupt may be set if a phase
change occurs before REQ appears. (See “valid phase enable,” page 135. This
early notification will allow the Initiator extra time to prepare for a phase change
in some systems. (Note: the chip may Generate Bus Service Interrupts for phases
that never request transfers. This is not an error condition, merely transitional
staus of I/0, C/D, and MSG.) If the chip is logically connected in the Target role,
this bit will be set on (1) whenever the Initiator asserts ATN. When indicating
ATN the Bus Service interrupt may occur with a Selected interrupt or with a Func-
tion Complete interrupt.

When this bit is on (1), it indicates that the last interrupting command has comple-
ted. It is the normal successufl completion interrupt for Select, Reselect, Send and
Receive commands. (Refer to page 141, COMMANDS) During any of the Re-
ceive commands, it is set on (1) along with the parity error bit as soon as a parity
error is detected. A Bus Service interrupt may also occur simultaneously with the
Function Complete if an ATN signal was activated during a Send or a Receive
command.

The Function Complete interrupt is also generated at the end of a Message In

phase for a Transer Info command. (See TRANSFER INFO command for
details.)
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Source ID Register

The Source ID Register is an eight-bit read-
only register which contains the three-bit encoded ID of
the last device which selected or reselected the chip. The
following in the format of the Source ID Register.

Destination ID

The ID Valid bit indicates that the source device
placed its own ID bit on the SCSI bus during the Selec-
tion Phase. The SPC chip has encoded the source ID and
placed it in bits 2-0. This information remains valid until
the chip disconnects from the SCSI bus, at this time the
ID Valid bit is reset.

Data Register 2

Data Register 2 is an eight-bit read-only regis-
ter which may contain data that has been sent to the chip
but not transferred across the bus. Bit O in the Auxiliary
Status Register is used to determine if this register is
full. The microprocessor can read Data Register 2 by
activating CS with A3-A0 equal to 1000 and issuing a
RD pulse.

Diagnostic Status Register

The Diagnostic Status Register is an eight-bit
read-only register which indicates the result of self-
diagnostics and the last diagnostic command issued to
the chip. The format of the Diagnostic Status Register is
shown below.

Bit 7 = 1 indicates that self-diagnostics have
been completed. (NOTE: A reset will clear bits 6-3 if
possible.) After a reset to the chip, the microprocessor
should make sure that the Diagnostic Status Register
contains the following pattern before attempting any
commands: 10000000. This code indicates self-
diagnostics are complete and no errors were detected.
After a diagnostic command has been executed, bits 6-3
will contain the resulting status, but bit 7 and bits 2-0 are
not affected.

The microprocessor may read the Diagnostic
Status Register by activating CS with A3-A0 = 1001
and issuing a RD pulse.

If an error is detected during self-diagnostics,
the proper status is loaded into the Diagnostic Status Re-
gister and the chip halts until a Reset command or a Re-
set signal is asserted. Refer to the Self-Diagnostic Status
coe Summary for an explanation of the individual codes.

When a diagnostic command is issued to the
chip, the chip will attempt to perform the function, load
a status into bits 6-3, and initiate a Function Complete
interrupt.

7 6 5 4 3 2 1
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Self-diagnostic Status

000 Successful Completion

001 Unconditional Branch Fail

010 Data Reg. Full Failed

011 Initial Conditions Incorrect
100 Initial Command Bits Incorrect
101 Diagnostic Flag Failed

110 Data Turnaround Failed

111 Not Used

Diagnostic Command Status

001 Turnaround Miscompare (Initial)
010 Turnaround Miscompare (Final)
011  Turnaround Good Parity

100 Turnaround Bad Parity
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Self-Diagnostic Status Code Summary

000

001

010

011

100

101

110
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Successful Completion. The chip executed all
self-diagnostics following a reset and detected
1O errors.

Unconditional Branch Failed. The chip’s inter-
nal sequencer attempted an unconditional
branch and failed to reach the desired location.

Data Register Full Failed. The chip attempted
to set and reset the Data Register Full status bit
in the Interrupt Register and failed.

Initial Conditions Incorrect. The chip detected
one of its internal initial conditions in the wrong
state.

Initial Command Bits Incorrect. The chip tested
bits 6,4,2,1 and 0 of the Command Register
and found at least one was not zero.

Diagnostic Flag Failed. The chip failed in its at-
tempt to set and reset its internal diagnostic
flag.

Data Turnaround Failed. During self-
diagnostics the chip attempts to flush several
bytes of data through its internal data paths. It
also attempts to set and reset the Parity Error bit
in the Interrupt Status Register. This status indi-
cates that one of these operations failed.

Transfer Counter (Three Eight-Bit
Counters)

The Transfer Counter is comprised of three,
eight-bit register/counters. It is used by the chip for
Send, Receive and Transfer commands that require more
than a single byte of data to be transferred. It may also
be used with Select and Reselect commands to set a
timeout for no response. To write to (read from) the
Transfer Counter, CS is activated with A3-A0 selecting a
byte and then pulsing WR (RD). The Transfer counter is
addressed as shown below.

A3 A2 Al A0  Selected Byte
1 1 0 0 Most Significant Byte
1 1 0 1 Middle Byte

1 1 1 0 Least Significant Byte

For Send, Receive and Transfer commands
with single-byte not specified, the Transfer Counter spe-
cifies to the chip the maximum number of bytes to be
sent or received before interrupting. The Transfer
Counter must be loaded prior to issuing the command.
When single-byte is specified, the chip neither uses nor
alters the Transfer Counter. To facilitate servicing inter-
rupts for commands that use the Transfer Counter, a bit
is provided in the Auxiliary Status Register to indicate
when the Transfer Counter is zero.

For Select and Reselect commands, the Trans-
fer Counter specifies the number of time intervals (1024
CLK periods) that the chip will wait before automati-
cally aborting the command due to no response (BSY)
from the destination device. The Transfer Counter must
be loaded prior to issuing the command. If the Transfer
Counter is loaded with all zeroes, the timeout logic in
the chip will be disabled, and the chip will not automati-
cally abort the command due to no response.
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Commands

This section defines command format, types, codes and operation. Commands are given to the chip by loading
the Command Register.

Command Format

The bits in the Command Register are defined as follows.

7 6 5 4 3 2 10
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u—l—l—]:__Command Code

00000 Chip Reset

00001 Disconnect

00010 Pause

00011 Set ATN

00100 Message Accepted
00101 Chip Disabled
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01000 Select w/ATN

01001 Select w/o ATN

01010 Reselect

01011 Diagnostic Data Turnaround
01100 Receive Command

01101 Receive Data

01110 Receive Message Out

01111 Received Unspecified Info Out
10000 Send Status

10001 Send Data

10010 Send Message In

10011 Send Unspecified Info In
10100 Transfer Info

10101 Transfer Pad

Reserved (MUST BE A ZERO)

Single Byte Transfer

DMA Mode

BIT 7 DMA Mode This bit is applicable only for commands that use the Data Register. When this bit
is on (1), it indicates that data will be transferred to (from) the Data Register using
the DMA signals DREQ and DACK. When it is off (0), the microprocessor must
monitor the state of the Data Register Full flag in the Auxiliary Status Register.
Data is then transferred by using the appropriate input/output command.

BIT 6 Single Byte Transfer When on (1), this bit indicates that only one byte of data is to be transferred for
this command. The Transfer Counter will not be used or altered by the chip.
Therefore, for common single byte message and status transfers, the Transfer
Counter does not need to be loaded prior to issuing a command with this bit set.
When this bit is off (0), the Transfer Counter is used by the chip to determine the
length of the transfer for the command.

BIT 5 Reserved This bit is not used and should always be programmed off (0).

BIT4-0 Command Code These bits are used to specify the command to be executed.
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Command Types

There are two types of commands: Immediate
and Interrupting. All of the Immediate commands, ex-
cept for Pause, cause immediate results within three
clock cycles from the time the Command Register is
loaded. The Pause command is explained in a later sec-
tion (See PAUSE). Interrupting commands do not result
in immediate action. Their completion is always flagged
by an interrupt.

Command codes 00000-00111 specify Immedi-
ate Commands. Immediate Commands that are listed as
reserved, will be ignored if issued to the SPC chip.
Command codes 01000-10101 specify Interrupting
Commands. When one of these codes is loaded into the
Command Regsiter, a second Interrupting command
code should not be loaded until after the interrupt has oc-
curred for the first command. However, an Immediate
type command may be loaded before the interrupt for an
Interrupting command occurs. If a reserved Interrupting
command code is issued, the chip will respond with an
Invalid Command interrupt.

Invalid Commands

The user of the chip can be in one of three states
at any particular time: disconnected, connected as an Ini-
tiator, or connected as a Target. Commands are valid
only in specified states. If an invalid Immediate com-
mand is issued, the chip will ignore the command. If an
Interrupting command is issued in an invalid state, or a
reserved Interrupting command code is issued, an In-
valid Command interrupt will result. The exceptions are
described in the next column.
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The microprocessor must never issue any inter-
rupting type command when the chip is not expecting
such a command. Unpredictable results will occur in this
case. The following is a list of user states in which the
chip is not expecting an interrupting command:

1. The chip is currently processing an Inter-
rupting type command and has not yet set
the interrupt to signal the completion.

2. The chip is currently processing an Inter-
rupting type command, a Pause command
has been issued but the Paused bit in the
Auxiliary Status Register has not been set.

3. The chip is connected as an Initiator, but the
Target has not yet requested an Information
Transfer.

4. The chip has completed a Transfer Info or
Transfer Pad command and the Target has
not requested additional information or has
not changed the Information Phase.

In user states three and four, described above,
the microprocessor must wait for a Bus Service, Discon-
nected, or Function Complete interrupt.

If an interrupting command is illegitimately is-

sued in these states, no interrupt will occur for it, and it
is likely that the current function will be altered.
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Command Summary
Below is a summary that lists all commands. In the table the following abbreviations are used.

INT = INTERRUPTING D = DISCONNECTED I = CONNECTED AS AN INITIATOR

IMM = IMMEDIATE T = CONNECTED AS A TARGET
Command Code Command Type Valid States
00000 Chip Reset IMM D,I,T o
00001 Disconnect IMM LT _5
00010 Paused IMM D,T a2
00011 Set ATN IMM I L
00100 Message Accepted IMM I o
00101 Chip Disable IMM DL, T
00110-00111 Reserved IMM
01000 Select w/ATN INT D
01001 Select w/o ATN INT D
01010 Reselect INT D
01011 Diagnostic INT D
01100 Receive Command INT T
01101 Receive Data INT T
01110 Receive Message Out INT T
01111 Receive Unspecified Into Out INT T
10000 Send Status INT T
10001 Send Data INT T
10010 Send Message In INT T
10011 Send Unspecified Info In INT T
10100 Transfer Info INT I
10101 Transfer Pad INT I
10110-11111 Reserved INT
Command Definitions Disconnect

Upon receipt of this command, the chip imme-
diately releases all SCSI bus signals and returns to a Dis-

Chip Reset

Chip Reset immediately stops any chip opera-
tion and resets all registers, counters, etc. on the chip. It
performs the same operation as the hardware “reset”
input.
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connected idle state. For the Initiator role, this is the
normal method of disconnecting from the bus when a
transfer is complete. For the Initiator role, Disconnect
may be used to release the bus signals as a result of a
timeout condition. In this case, the chip ignores the Tar-
get and is left in the Disconnected state. For the Discon-
nected state, it is not valid to issue a Disconnect
command. If issued, the chip will ignore this command.
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Pause

Pause is an Immediate command that is valid in
the Disconnected state or when logically connected to
the bus as a Target device. Pause is not valid when con-
nected as an Initiator.

When connected as a Target, the Pause com-
mand provides a means of halting a.Send or Receive com-
mand without having to wait for the transfer to complete.
When Pause is issued, it immediately sets a flag in the
chip. Within one byte transfer cycle, the chip recognizes
the flag, aborts the Send or Recieve operation, and then
sets the Paused status bit in the Auxiliary Status Register.
At this time, the chip is still connected to the bus in the
Target role, and it is waiting for another command.

The Pause command stops the Send or Receive
command in an orderly manner leaving the Transfer
Counter in a valid state that indicates the remaining
number of bytes to be transferred. Also no REQ or ACK
is asserted on the bus and no data is left in the chip wait-
ing to be transferred. An operation that is paused may be
resumed, if desired, simply by reloading the original
command into the Command Register. (Note: after issu-
ing the Pause while executing Send or Receive, it is nec-
essary to continue transferring data with the chip (due to
double-buffering) until the Paused status bit is set or an
interrupt occurs.)

When in the disconnected state, Pause may be
issued to abort a Select or Reselect command. After a
Select or Reselect command is issued and before an in-
terrupt occurs, a Pause command may be issued to abort
the operation. The Pause command immediately sets an
internal flag. If the chip has not yet won arbitration, it
sets the Paused bit in the Auxiliary Status Register and
waits in the disconnected state for another command. if
the chip has won arbitration, it releases the bus by drop-
ping the two ID bits with SELOUT on for a minimum of
100us, checks for no BYSIN, and then releases the bus.
After this procedure, it sets the Paused bit in the Auxil-
iary Status Register and waits for another command in
the Disconnected state.

Since Pause is an Immediate command, it does
not cause an interrupt. As previously noted, the chip sets
the Paused status bit to indicate that it has been executed.
If an interrupt-causing event occurs before the chip sees
the pause flag set, the chip will set the interrupt. In this
case, the Paused status bit is ot set by the chip either be-
fore or after the interrupt. In all cases, an interrupt-
causing event will take precedence over Pause. For
example, in the Target role if ATN is on when Pause is
issued, a Bus Service interrupt will occur and the Paused
status bit will not be set.
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If the Pause command is issued when the chip is
Disconnected, the Paused status bit will be set by the
chip, provided it has not already detected a Selection or
Reselection.

Set ATN

The Set ATN command causes ATN to be as-
serted immediately if the chip is connected as an Initia-
tor. This command is invalid and ignored if issued when
the chip is Disconnected or is operating in a Target role.
The ATN signal is de-asserted in a Message Out phase
when the transfer count becomes zero or one byte has
been transferred (in a one-byte transfer command) dur-
ing the execution of a Transfer Info command.

The chip automatically sets ATN in two cases:

1. If a Select w/ATN command is issued and
arbitration is won.

2. If a parity error is detected on an input byte
during execution of a Transfer Info com-
mand.

Message Accepted

The Message Accepted command is an Immedi-
ate command that is valid only when connected as an Ini-
tiator. It is used after a Transfer Info or Pad command
(See pages 148, 149 Transer Info and Transfer Pad) to
indicate to the chip that ACK can be de-asserted for the
last byte.

‘When an Initiator receives a message, a Trans-
fer command is used. If the transfer is an input (I/0 = 1)
and the information is a message (MSG = 1, C/D = 1),
the chip interrupts after receiving the last byte with a
Function Complete interrupt. For this one special case,
the chip also leaves ACK asserted on the bus. By inter-
rupting and leaving ACK asserted, the chip gives the mi-
croprocessor a chance to interpret the message and set
ATN, prior to ACK being de-asserted. This allows the
chip to properly request a Message Out phase if the Initi-
ator wants to send a “Reject Message” to the Target.

Message Accepted must always be issued after
a Transfer Info for a Message In phase, whether or not
Set ATN is issued, in order to have the chip de-assert
ACK. If the Initiator wants to reject the message, Set
ATN would be issued first followed by Message Ac-
cepted. If the message is not to be rejected, only Mes-
sage Accepted is issued. (Note: until Message Accepted
is issued, the Target will not send another REQ since
ACK is still asserted.)
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Chip Disable

Chip Disable immediately stops all chip opera-
tions and logically disconnects it from the circuit. All
outputs will be placed in a high impedance state and the
chip will not respond to any commands (other than chip
reset). The chip will also not respond to any activity on
the SCSI bus. The only way to exit this condition is to
activate the “reset” input or issue a Reset command.

Select w/ATN

This command causes the chip to attempt to se-
lect a Target. It may only be used if the SPC is in the Dis-
connected state. Any attempt to issue this command in
another state will result in an Invalid Command inter-
rupt. Before issuing this command, the microprocessor
must load the Transfer Counter for a timeout on the Tar-
get’s response. This value is computed according to the
following formula:

Transfer Counter = Desired Timeout/(1024 X Clock
Period)

If the Transfer Counter is loaded with the value
zero, the chip will wait indefinitely for a response from
the Target being selected.

The microprocessor must also load the Destina-
tion ID Register with the three-bit code of the Target to
be selected before issuing the Select w/ATN command.

When the chip detects the Select w/ATN com-
mand, it begins by attempting to arbitrate for control of
the SCSI bus. If, at any time during arbitration the chip
becomes selected or reselected, the Select w/ATN is
aborted and forgotten and the chip will interrupt with
one of the following conditions:

1. Selected
2. Selected and Bus Service
3. Reselected

If arbitration is won, the chip places the SCSI
bus in the Selection phase with ATN asserted, and uses
the Destination ID Register to identify the desired Tar-
get. At the same time, the chip begins a timer based on
the value computed above. If the Target does not respond
within the timeout period, the chip will disconnect from
the bus and interrupt with the Disconnected flag set in
the Interrupt Register. (Note: The microprocessor
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should never monitor the Transfer Counter Zero flag in
the Auxiliary Status Register to determine when a
timeout has occurred.) If the Target responds within the
allotted time, the chip will interrupt with a Function
Complete status. Control of the SCSI bus then belongs to
the selected Target and after the interrupt status has been
read, another interrupt may occur indicating either that
the Target has disconnected or is requesting a transfer.

If the timeout is disabled and the Target does
not respond, or if arbitration is not won, the only way to
abort the Select w/ATN command is to issue the Pause
command. After the Pause command is issued, it is still
possible that the Function Complete or Disconnect inter-
rupts may occur. This happens if one of the interrupts get
set before the chip detects the Pause command, or if the
Target responds while the chip is sequencing off the
SCSI bus in a timeout condition. If the chip does not set
either interrupt, it will set the Paused bit in the Auxiliary
Status Register. If the microprocessor detects this bit af-
ter issuing the Pause command, then it is assured taht the
chip aborted the Select w/ATN command and no connec-
tion exists.

Select w/o ATN

The Select w/o ATN is identical to the Select w/
ATN command except that the ATN signal is not as-
serted during the Selection phase.

Reselect

This command causes the chip to attempt to re-
select an Initiator. It may only be used if the micropro-
cessor is in the Disconnected state. Any attempt to issue
this command in another state will result in an Invalid
Command interrupt. Before issuing this command, the
microprocessor must load the Transfer Counter for a
timeout on the Initiator’s response. This value is compu-
ted according to the following formula:

Transfer Counter = Desired Timeout/(1024 X Clock
Period)

If the Transfer counter is loaded with the value
zero, the chip will wait indefinitely for a response from
the Initiator being reselected.

The microprocessor must also load the Destina-

tion ID Register with the three-bit code of the Initiator to
be reselected before issuing the Reselect command.
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When the chip detects the Reselect command, it
begins by attempting to arbitrate for control of the SCSI
bus. If, at any time during arbitration, the chip becomes
selected or reselected, the Reselect is aborted and forgot-
ten and the chip will interrupt with one of the following
conditions:

1. Selected
2. Selected and Bus Service
3. Reselected

If arbitration is won, the chip places the SCSI
bus in the Reselection phase using the Destination ID
Register to identify the desired Initiator. At the same
time, the chip begins a timer based on the value compu-
ted above. If the Initiator does not respond within the
timeout period, the chip will disconnect from the bus and
interrupt with the Disconnected flag set in the Interrupt
Register. (Note: The microprocessor should never moni-
tor the Transfer Counter Zero flag in the Auxiliary Sta-
tus Register to determine when a timeout has occurred.)
If the Initiator responds within the alloted time, the chip
will interrupt with a Function Complete status. The chip
(acting as the Target) is then in control of the SCSI bus,
and waits for the Interrupt Register to be read by the mi-
croprocessor. After it has been read, the chip waits for a
command from the microprocessor or ATN from the Ini-
tiator. If the ATN occurs, the chip will set the Bus Serv-
ice interrupt. This interrupt may happen immediately
after a command has been issued due to internal timing.
In this case, the chip waits for the Interrupt Register to
be read and the command is ignored. The chip then waits
for a new command.

_If the timeout is disabled and the Initiator does
not respond, or if arbitration is not won, the only way to
abort the Reselect command is to issue the Pause com-
mand. After the Pause command is issued, it is still pos-
sible that the Function Complete or Disconnected
interrupts may occur. This happens if one of the inter-
rupts get set before the chip detects the Pause command,
or if the Initiator responds while the chip is sequencing
off the SCSI bus in a timeout condition. If the chip does
not set either interrupt, it will set the Paused bit in the
Auxiliary Status Register. If the microprocessor detects
this bit after issuing the Pause command, then it is as-
sured that the chip aborted the Reselect command and no
connection exists.

Diagnostic (Data Turnaround)

This Interrupting command causes the chip to
attempt to turn a data byte around through its internal
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data paths. When the command is loaded into the Com-
mand Register, the Data Register Full bit is reset. The
microprocesor then writes one byte into the Data Regis-
ter. The chip moves the byte to another register and com-
pares the contents of the Data Register. The byte is then
moved to a third register (the SCSI output register) and
good parity is generated if bit 6 of the command is off
(0); bad parity is generated if bit 6 is on (1). Finally, the
chip moves the byte back to the Data Register and com-
pares it with the contents of the second register. Based
on these comparisons and parity checking, the chip
stores a result into the Diagnostic Status Register and
sets the Function Complete interrupt. After reading the
Interrupt Register, the microprocessor should make sure
the Data Register Full bit is on (1) and read the contents
of the Data Register. If the Data Register Full bit is not
on (0), then an error has occurred. The following is a list
of codes which are loaded into bits 6-3 of the Diagnostic
Status Register as a result of this command.

BIT 6543 Result

0001 Data Miscompare (INITIAL)
0010 Data Miscompare (FINAL)
0011 Good Parity Detected

0100 Bad Parity Detected

Receive Commands

The Receive commands are Interrupting com-
mands that are valid only when connected as a Target de-
vice. They are used by the Target to receive commands,
data, and message information from an Initiator.

The Receive commands transfer data; there-
fore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the
Single Byte Transfer bit is off (0), the Transfer Counter
must be loaded before a Receive command is issued to
the chip. In this case, the chip uses the Transfer Counter
to determine the number of bytes to receive.

When a Receive command is issued, the chip
immediately resets the Data Register Full bit in the Aux-
iliary Status Register. The chip then drives 1/0, C/D,
and MSG outputs for the proper information phase as
follows.

Command Name /0 _C/D MSG
Receive Command 0 1 0
Receive Data 0 0 0
Receive Message Out 0 1 1
Receive Unspecified Info Out 0 0 1
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The chip then proceeds to request and receive
the specified number of information bytes. the DMA
mode bit in the Command Register determines how the
chip transfers these bytes from its Data Register to the
Microprocessor.

When a Receive command is terminated, the
chip generates an interrupt. The following two events
can cause termination:

1. The operation completes successfully; the
Transfer Counter is zero. This event results
in a Function Complete interrupt with the
parity Error bit in the Auxiliary Status Re-
gister off (0). If the initiator activated ATN
during the operation, the Bus Service bit
will also be on.

2. A Parity Error occurs. The last byte trans-
ferred is the byte that caused the error. This
event causes a Function Complete interrupt
with the Parity Error bit in the Auxiliary
Status Register on (1). If the Initiator activa-
ted ATN during the operation, the Bus Serv-
ice bit will also be on.

After any of the interrupts, the chip is always
left in the connected Target state. The Transfer Counter
indicates the number of bytes remaining to be trans-
ferred (zero if completed successfully, and the Data Re-
gister is empty (the last byte received is sent to the
microprocessor). Also, ACK and REQ are inactive on
the bus.

(Note: if a Bus Service interrupt alone occurs
after issuing a Receive command, the Initiator activated
ATN before the chip began executing the command. In
this case, the command is ignored by the chip.)

A Receive command may be stopped prior to an
interrupt causing event by issuing a Pause command.
Operation of the Pause command is explained in an ear-
lier section. in the event the Initiator does not respond,
or stops responding, the chip is left in a state where it
cannot respond to a Pause command. For this case, a
Disconnect command can be used to abort the command
and the connection. The Disconnect command is ex-
plained in an earlier section.

Send Commands

The Send commands are Interrupting com-
mands that are valid only when connected to the bus in
the Target role. They are used by a Target to send status,
data, and message information to an Initiator.
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The Send commands transfer data, and there-
fore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the
Single Byte Transfer bit is off (0), the Transfer Counter
must be loaded before a Send command is issued to the
chip. In this case, the chip uses the Transfer Counter to
determine the number of bytes to send.

When a Send command is issued, the chip im-
mediately resets the Data Register Full bit in the Auxil-
iary Status Register. Therefore, the first byte of data for
the transfer cannot be put into the Data Register until
after a Send command is loaded into the Command
Register.

In executing a Send command, the chip drives
the I/0, C/D, and MSG outputs for the proper informa-
tion phase. These lines are logically driven for each
Send command as shown below.

Command Name I/0 C/D MSG
Send Status 1 1 0
Send Data 1 0 0
Send Message In 1 1 1
Send Unspecified Info In 1 0 1

After resetting Data Register Full and driving I/
O, C/D, and MSG, the chip then proceeds to monitor
Data Register Full, take the data from the Data Register,
and send it to the Initiator. The DMA mode bit in the
Command Register specifies how the data is loaded into
the chip.

After interrupting, the chip is left in the con-
nected Target state, and ACK and REQ are inactive on
the bus. When the transfer is complete, the chip inter-
rupts with a Function Complete Interrupt. If the Initiator
activated ATN during the transfer, a Bus Service bit will
also be set by the chip.

(NOTE: if a Bus Service interrupt alone oc-
cures after issuing a Send command, the Initiator activa-
ted ATN before the chip began executing the command.
In this case, the command is ignored by the chip.)

A Send command may be stopped prior to an
interrupt causing event by issuing a Pause command.
Operation of the Pause command is explained in an ear-
lier section. In the event the Initiator does not, or stops
responding, the chip is left in a state where it cannot re-
spond to a Pause command. For this case, a Disconnect
command can be used to abort the command and the
connection. The Disconnect command is explained in a
earlier section.
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Transfer Info

The Transfer Info command is an Interrupting
command that is valid only when connected to the bus in
the Initiator role. It is used by the Initiator for all infor-
mation transfers across the SCSI bus.

A Transfer Info command is issued by an Initia-
tor in response to a Bus Service interrupt. The Bus Serv-
ice interrupt, as explained in a previous section, is
received by the connected Initiator upon the following
conditions: receiving the first REQ from a Target, a pre-
vious command has completed and the Target changes
phases, the Target changes phases before termination, or
when a previous command has completed and the Target
is requesting more information. It is not valid to issue a
Transfer Info command without having a Bus Service in-
terrupt, because the Target requests and controls all
transfers. The chip will only permit one Transfer Info or
Transfer Pad per Bus Service interrupt.

After an Initiator receives a Bus Service inter-
rupt, and prior to issuing a Transfer Info command, the
1/0, C/D, and MSG bits from the Auxiliary Status Re-
gister (read prior to reading the Interrupt) should be ex-
amined to determine the type of information phase and
the direction of transfer requested by the Target. The Ini-
tiator then prepares for the transfer. If the Single Byte
Transfer bit is not going to be set in the Command Regis-
ter, the Transfer Counter must be loaded prior to issuing
the Transfer Info command. This is done in order to
specify to the chip the maximum number of bytes to be
transferred.

When a Transfer Info is issued, the chip imme-
diately resets the Data Register Full bit in the Auxiliary
Status Register. For this reason, the first byte of data for
an output operation cannot be loaded into the Data Re-
gister until after the command is loaded into the Com-
mand Register. The chip then proceeds with the transfer,
expecting data to be read from (input), or written to (out-
put), its Data Register as indicated by the DMA Mode
bit in the Command Register. The chip automatically de-
tects the direction of the transfer from the I/O bit which
is stored in the Auxiliary Status Register.

The chip continues a transfer until an interrupt
causing event occurs. The following four events will

cause the chip to terminate and interrupt.

1. The maximum number of bytes specified
have been transferred and the Target
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activated REQ or the Information Phase
changed. This event results in a Bus Service
Interrupt. Either single byte transfer was
specified or the Transfer Counter is zero as
indicated by a bit in the Auxiliary Status Re-
gister. The Target may or may not have
changed the information phase type. The I/
0O, C/D, and MSG bits in the auxiliary Sta-
tus Register need to be examined at the time
of the interrupt to determine what phase the
Target is requesting.

(NOTE: Due to early notification of the
phase change, a phase may be selected spu-
riously and not transfer any data. The mi-
croprocessor should not consider this an
error condition. The early notification can
be blocked with “valid phase” bit.)

. The Target changes the information phase

type before the maximum number of bytes
are transferred. This event also causes a Bus
Service interrupt. The new information
phase may be determined by examining the
I/0, C/D, and MSG bits in the Auxiliary
Status Register. The Transfer Counter may
be read at the time of the interrupt to deter-
mine the number of bytes remaining to be
transferred. When this interrupt occurs for
an output transfer, the chip may take one
more byte from the microprocessor than it
transfers, because of pre-fetching. How-
ever, the Transfer Counter still reflects the
number of bytes remaining to be trans-
ferred.

. The Target releases the bus by dropping

BSY. This event results in a Disconnected
interrupt. Following this interrupt, the chip
is no longer in the Initiator role. It now re-
mains in the Disconnected state.

. The last byte of a Message Input phase has

been received. This event results in a Func-
tion Complete interrupt. For this case, ACK
is left active on the bus to allow the micro-
processor to Set ATN for the purpose of re-
jecting the message. After this interrupt is
received and a Set ATN is issued (if de-
sired), a Message Accepted must be issued
to turn off ACK for the last byte of the Mes-
sage In phase.
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For input transfers (I’/O = 1), the chip checks
parity for each byte received if the Parity Enable bit in
the Control Register is on. When checking parity and the
parity error occurs, the chip activates ATN prior to deac-
tivating ACK for the byte that causes the error. It also
turns on the Parity Error bit in the Auxiliary Status Re-
gister. The parity error, however, does not result in an
interrupt. The chip waits for one of the four events listed
above before interrupting. Therefore, the Parity Error
bit should be examined when servicing any interrupt af-
ter issuing Transfer Info command for an input transfer.

If ATN is asserted by the chip, either because of
a parity error or because a SET ATN command is issued,
the ATN will remain asserted until the end of the connec-
tion, or until a Message Out is transferred. Therefore,
during each cycle of Transer Info operation for output,
the chip checks for a message phase (C/D = 1, MSG =
1) and also either a single byte transfer or the Transfer
Counter set at zero. If these conditions exist, the chip
turns off ATN prior to activating ACK for the last byte
of the message.

As previously stated, a Transfer Info normally
terminates with an interrupt. If a Transfer Info command
must be aborted, possibly because of a timeout violation,
either a Chip Reset or Disconnect command can be used.
It is noted, however, that although these commands will
force the chip into a disconnected state, the Target device
is left on the bus. A SCSI bus reset, which is not a chip
function, is the only way an Initiator can force a Target
to disconnect.

Transfer Pad

The Transfer Pad command is an Interrupting
command that is valid only when connected to the bus as
an Initiator. It is similiar to the Transfer Info command
except that the data transfer between the chip and the mi-
croprocessor but will be different.

Transfer Pad can be used by an Initiator to con-
tinue handshaking with a Target without giving data to,
or taking data from, the chip. This may be useful if the
Target requests an invalid Information Transfer Phase.
The chip operates in the same manner as it does for a
Transfer Info command, except that for output transfers
it takes only one byte of data from the microprocessor
and sends the same byte repeatedly until the transfer ter-
minates. For input transfers, it accepts data from the
SCSI bus but does not check parity or send it to the mi-
croprocessor. Though data is not exchanged with the mi-
croprocessor bus, the Transfer Counter is still used by
the chip so that a maximum number of pad bytes can be
specified.

NCR SCSI Products 04/88

Protocol for using a Transfer Pad command is
the same as the Transfer Info except that the DMA Mode
bit has significance only for output transfers. The Trans-
fer Pad terminates because of the same four events that
cause a Transfer Info command to terminate. Also, simi-
lar to the Transfer Info command, Chip Reset and Dis-
connect can be used to abort the command.

Bus Initiated Functions
Selection

If the Select Enable bit in the Control Register
is on, the chip may be selected by another SCSI device to
be a TARGET for an I/O operation. Selection occurs in
the chip only if all the following conditions exist: SE-
LOUT = 0, BSYIN = 0, SELIN = 1, /O = 0, the
chip’s ID bit is asserted by the selecting device on the
data bus, no more than one other ID bit (the Initiator’s) is
asserted on the data bus parity is good.

When all of these conditions exist, the chip is
selected. It then encodes the Initiator’s ID and loads it
into bits 2-0 of the Source ID Register. The chip also de-
tects whether or not the Initiator asserted its ID during
selection, and either sets or resets the ID Valid bit in the
Source ID Register.

The chip then asserts BSYOUT, waits for SE-
LIN to turn off, and proceeds to take one of the follow-
ing actions as a result of being selected:

1. If ATN is not asserted by the Initiator during
selection, the chip generates a Selected in-
terrupt indicating that the chip is connected
as a Target.

2. If ATN is asserted, the chip simultaneously
generates Selected, and Bus Service inter-
rupts, indicating that the chip is connected
as a Target and ATN is asserted.

Reselection

If the Reselect Enable bit in the Control Regis-
ter is on, the chip may be reselected by a SCSI Target
device. Reselection occurs only if SELOUT = 0,
SELIN = 1, BYSIN =0, I/O = 1, the chip’s ID bit and
the Target’s ID bit are asserted on the data bus, no other
ID bits are asserted, and data bus parity is good.

When all of these conditions exist, the chip is
reselected. It then encodes the Target’s ID and loads it
into the Source ID Register. The chip also sets the ID
Valid bit in the Source ID Register.
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The chip then asserts BSYOUT and waits for
SELIN to be released by the Target. When the chip de-
tects SELIN = 0, it de-asserts BSYOUT and then gener-
ates a Reselected interrupt.

Reselection is now complete and the chip is in
the connected Initiator state.

Initialization

The SCSI device may be initialized by asserting
RST for a period of at least 100ns, or by issuing a Chip
Reset command to the device. The NCR 5386 will re-
spond to the RST pulse or the Chip Reset command, by
immediately disconnecting from the SCSI bus, initializ-
ing all storage elements and executing an internal self-
diagnostic program. The self-diagnostic is explained in a
previous section (See page 139, Diagnostic Status Regis-
ter). The following table lists the status of all registers
after the initialization procedure.

DataRegister 1................
Command Register . ............
Control Register ...............
Destination ID Register .........
Auxiliary Status Register ........
IDRegister ...................
Interrupt Register ..............
Source Register................
DataRegister 2................
Diagnostic Status Register . ......
Transfer Counter (MSB).........
Transfer Coutner 2nd)..........
Transfer Counter (LSB) .........

The controlling processor should loop on read-
ing the Diagnostic Status Register until the Self-
Diagnostic Complete bit (bit 7) is on (1). This should
take approximately 350 clock cycles after reset occurs.
If Programmed ID Mode is used, the processor should
then check the remaining bits in this register for all zeros
(no errors), and then load the ID Register. Following
this, the Control Register should be programmed to en-
able the proper bits for SCSI operation. The SCSI Proto-
col Controller is now connected to the SCSI bus in a
disconnected state. It is ready to receive commands from
the controlling processor or respond to (re) selection at-
tempts.

QOO X ¥ OO OO O X A
QOO X ¥ OO O X OO O X W
QOO X ¥ OO O X OO X b
QO O™ ¥ OO O X OO O W
QOO O™ ¥ mO X OCOOO X N
QOO X X mO X —mOOO X —
QOO X X m O X OOOO X O

Register Initialization
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External Chip Timing

Timing requirements must be over the operating temperature (0-70°C) and voltage (4.75 to 5.25V) ranges.
Loading for all output signals, except SBEN, is assumed to be four low-power Schottky inputs, including 50 pF capacit-
ance. Loading for SBEN is assumed to be ten low-power Schottky inputs, including 100 pF capacitance.

Microprocessor Interface

CLK
NAME DESCRIPTION MIN MAX UNITS
tcp Clock Period 100 200 ns
tCH Clock High .45 tcp 55 tcp
tcL Clock Low 45 tcp .55 tcp
le———— t CP ——p]
CLK /] '_'\_/_
| t CH tcL
Reset
NAME DESCRIPTION MIN TYP MAX UNITS
tRST Reset Pulse Width 100 ns
l——— t RST ———>>
RST / N\
NCR SCSI Products 04/88
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MPU Write

NAME DESCRIPTION MIN TYP MAX UNITS
tasw Address Set-up Time 0 ns
twR WR Pulse Width 95 ns
tpw Data-to WR High 50 ns
tAHW Address Hold Time 0 ns
toHW DataHoldTime __ 20 ns
twey WR Off to WR or RD On 125 ns
DACK
CS, A0-A3 ___X X
—{ t Asw - AHW 3]
W __F——tWR——P‘
l—t weY
Do-D7 I 4
A ) &
|<—tDw——>‘ <—>l-—tDHw
MPU Read
NAME DESCRIPTION MIN TYP MAX UNITS
tASR Address Set-up Time to RD 0 ns
tRD RD Pulse Width 125 ns
tDR RD to Data 90 ns
tAHR Address Hold Time 0 ns
tDHR DataHold Time 10 65 ns
tRCY RD Off to WR or RD On 125 ns
DACK
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TS, A0-A3 X

"

—»| tasr

€t AHR 3>

DO0-D7

RD S no——————w ) {
4 RCYJ |

K

H——-—tnn-———»l

—3 tDHR l€—
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DMA Write

NAME DESCRIPTION MIN TYP MAX UNITS
tDCRQL DACK to DREQ Low 0 40 ns
tocw "DACK to WR 0 ns
twR WR Pulse Width 70 ns
twDC WR High to DACK High 0 ns
tDHW Data Hold Time 20 ns
topw Data to WR High 50 ns
£
(74 R )
(=
“ o
o«
— a.
CS
-/ \
DREQ R ol —
DACK N ,/
ja—t Dow —» —3] tWDC |eg—
WR ﬁt—twa—-—-——w
DO-D7 ), X
|——t ow—>] j&—>1—toHw
DMA Read
NAME DESCRIPTION MIN TYP MAX UNITS
tDCRQL DACK to DREQ Low 0 40 ns
tDCR DACK to RD 0 ns
tRD RD Pulse Width 75 ns
tRDC RD High to DACK High 0 ns
tDHR Data Hold Time 10 65 ns
tDR RD to Data 75 ns

DREQ / \
lg—t DCHQL-——-PI
DACK N Y/
l«—t DCR ——>| —{ tROC |<-—
N - tRD
RD N !
DO-D7 D, A
|<€&——t DR —>] —p>| tDHR |<——
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Interrupt

NAME DESCRIPTION MIN TYP MAX UNITS
tiIR - INTto RD 0 ns
tRD RD Pulse Width 95 ns
tRi RD High to INT Low 125 ns
ticy INT Off to INT On 125 ns

trRD

INT
o tiR -—<—>'\i‘ ‘i/r](—tm—kﬁgj/—
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SCSI Interface

Selection (Initiator)

NAME DESCRIPTION MIN TYP MAX UNITS
tBF Bus Free 385 ns
tBIA(5) BSYIN low to ARB high 1.2 26 us
tSLA SELOUT high to ARB low & ID bit Disabled 3.2 us
tBIBO (5) BSYIN low to BSYOUT high 1.2 2.8 us
tBCD Bus Clear Delay 225 ns
taD Arbitration Delay 3.0 us
tpC Priority check to SELOUT 0 ns
tBID (5) BSYIN low to ID bit high 1.2 2.9 us
tADV Arbitration Data Valid to Priority Check 0 ns
tsi SELOUT to IGS 2.0 us
tipBL Target ID high to BSYOUT low 1.1 us
tBoBI BSYOUT low to BSYIN low 0 400 ns
tBsSL BSYIN high to SELOUT low 800 ns
tpID SBEN active to Bus enabled 150 ns
NOTES:

1.

The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tBF before attempting
arbitration.

. IF SELIN becomes active at any time during arbitration, the chip must de-assert BSYOUT within

tBCD.

. The chip waits ({AD), and then checks to see if arbitration is won (tPC). The chip then asserts SE-

LOUT if arbitration is won.

. One of the data bits is assigned as an ID bit by the IDO-ID2 signals. During Bus Free, the chip

places all of the data bits, including ID, in a high impedance state. During arbitration the chip en-
ables its ID bit and drives it high, but the remainder of the data bits remain in the high impedance
state for reading.

. To verify these timings in a test environment, the user must allow a minimum of 45 clock cycles af-

ter the select command has been issued before the device begins to check for BSYIN low.
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Selection (Initiator)

ARB

BSYIN
BSYOUT
SELIN
SELOUT
SB(ID)

SB0-7, SBP
(Except ID)

IGS

TGS
ACK
ATN

SBEN
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lt— tBIA

I
@

ter

lac— tSLA

Iq—t BOBI

wn//////4

f— t 81B0—>>]

Lo

A}

[}

s

|- t1DBL

tsco F
P

- tAD>| tPC

©)

t BSL —»

Z X
I1//535Y//////) SZEXTEN /),

[ 1ARGET 10 (QUTPUT).

(INPUT)

(OUTPUT)

(INPUT)

(OUTPUT)

|— t DID
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Selection (Target)

NAME DESCRIPTION MIN TYP MAX UNITS

TsBI SELIN high to BSYIN low 50 ns

tiDBI ID’s valid to BSYIN low 0 ns

tiosl 1/0 low to BSYIN low 0 ns

tBIBO BSYIN low to BSYOUT high 0 20 | us

tBODH BSYOUT high Data Hold 0 ns

tBOSH BSYOUT high SELIN Hold 0 ns o
tAS| ATN high to SELIN low 0 ns -5
tsig SELIN low to Phase signals Enabled 150 ns 83
toT Phase signals enabled to TGS High 150 ns &
toBD SBEN low to Data Bus Enabled 150 ns &

ARB

BSYIN \ /

€— t SBI—3>| tBIBO |w—
BSYOUT
|—t BOSH —3»]
SELIN
tDBI f<€— —»{ t BODH
s80-7, s8p 77777777Kvees o XIIn 77—
—>» (S0 |e—
TGS /
—> |<-—
IGS tor
tios |—
1/10 m (INPUT) Y OUTPUT
t ASI—a—>>]
ATN /

Co,MSG /e LTI~ oo

-3 tDBD |

SBEN | W R
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Reselection (Initiator)

NAME DESCRIPTION MIN TYP MAX UNITS
tsBi SELIN high to BSYIN low 50 ns
tipBI ID’s valid to BSYIN low 0 ns
tios! 110 high to BSYIN low 0 ns
tBIBO BSYIN low to BSYOUT high 0 2.0 us
tBODH BSYOUT high Data Hold 0 ns
tBOSH BSYOUT high SELIN Hold 0 ns
tBOIH BSYOUT high I/0 hold 0 ns
tSIBO SELIN low to BSYOUT low 0 ns
tSAA SELIN low to ACK & ATN enabled 750 ns
tAAl ACK & ATN enabled to IGS high 150 ns
tipB 110 low to SBEN low 0 ns
tpBD SBEN low to Data Bus Enabled 150 ns
ARB
BSYIN \ /
<~ tsBi-»{ tBIBO }et—
BYSOUT
lt— t BOSH~—9>{ t SIBO
SELIN
—»] tosi fw— —ft BoDH |-
sBo-7, sBP /7777777 otls v X{/// ————
I‘-t DBD
TGS
-] |a=tsaa
1GS /
—>»{ tiosl |~ —» tBoH e
10 g
—»1 tAAl |-—
ATN _(NPUT) 7\ (OUTPUT)
ACK (INPUT) ~\ (OUTPUT)
SBEN
l————— t IDB ]
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Reselection (Target)

NAME DESCRIPTION MIN TYP MAX UNITS
tBF Bus Free 385 ns
tBIA (5) BSYIN low to ARB high 1.2 2.6 us
tsLA SELOUT high to ARB low & ID bit Disabled 3.2 us
tBIBO (5) BSYIN low to BSYOUT high 1.2 2.8 us
tBCD Bus Clear Delay 225 ns
tAD Arbitration Delay 3.0 us
tPC Priority check to SELOUT 0 ns
tBID (5) BSYIN low to ID bit high 1.2 29 us
taDV Arbitration Data Valid to Priority Check 0 ns
tso SELOUT Phase signals Enabled & SBEN Low 2.4 us
toT Phase Signals Enabled to TGS High 150 ns
tbip SBEN low to Bus Enabled 150 ns
tiDBL INITIATOR ID high to BSYOUT low 2.7 us
tBoBI BSYOUT low to BSYIN 0 400 ns
tBIBO BSYIN high to BSYOUT high 0.7 2.0 us
tBsL BSYOUT high to SELOUT low 450 ns
NOTES:

1.

The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tBF before attempting
arbitration.

. IF SELIN becomes active at any time during arbitration, the chip must de-assert BSYOUT within

tBCD.

. The chip waits (tAD), and then checks to see if arbitration is won (tPC). The chip then asserts SE-

LOUT if arbitration is won.

. One of the data bits is assigned as an ID bit by the IDO-ID2 signals. During Bus Free, the chip

places all of the data bits, including ID, in a high impedance state. During arbitration the chip en-
ables its ID bit and drives it high, but the remainder of the data bits remain in the high impedance
state for reading.

. To verify these timings in a test environment, the user must allow a minimum of 45 clock cycles af-

ter the select command has been issued before the device begins to check for BSYIN low.
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Reselection (Target)
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 ARB

BSYIN
BSYOUT
SELIN
SELOUT
SB(ID)

SBO0-7, SBP
(Except ID)

TGS

C/D, MSG,
REQ

/10

SBEN

d—tBlA‘*’ —» et

SLA

terF

[<&—1 BIBO —»

Htmo\li-— tiDBL ]

Ryt v
4

2

tBSL =

<—tADr->| tPL |
©

l

—» tSO ~3i [«—tor

(INPUT)) OUTPUT

AANSANANVZENNNNNANNANNN WD

(OUTPUT)

—>|top|t—
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Information Transfer Phase Input (Initiator)

NAME DESCRIPTION MIN TYP MAX UNITS

tDVRH Data Valid to REQ high 0 ns

tgRI Phase Valid to REQ high 100 ns

tRAH REQ high to ACK high 0 ns

tRAL REQ low to ACK low 0 ns

tAA ATN high to ACK low 100 ns

tsg SELIN low to Phase change 0 ns I
tgH Phase hold from ACK low 20 ns _5
tADH Data hold from ACK high 0 ns 82
tARL ACK high to REQ low 35 ns L
tiobs 110 high to SBEN high 50 ns o
tpzDB Data Bus disable from SBEN high 10 ns

tARH ACK Low to REQ High 35 ns

NOTE 1: If the chip detects a parity error it must assert ATN at least taoa before it de-asserts ACK.

REQ A

- t RAH

tRAL
] |a—tDVRH [~ t ARL toH [

ATN ®

/ I —>l
tADH |
ACK f_:F-tARH

N

Y

.

j——1 AA

SBO-7, SBP VALID DATA (INPUT) WZITZITZIX ~

SELIN ~ ’d—l DZ0B

BSYIN

IGS

TGS

¥
?

tso
[ t ORI

110 W
™
X
N

C/D

l€¢—t 100B

Niely
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Information Transfer Phase Input (Target)

NAME DESCRIPTION MIN TYP MAX UNITS
tsg SELIN low to Phase Change 0 ns
tgRO Phase Change to REQ out 500 ns
tRAH REQ high to ACK high 35 ns
tARL ACK high to REQ low 0 ns
tbva Data Valid to ACK high 0 ns
tRAL REQ low to ACK low 35 ns
tARH ACK low to REQ high 0 ns
tRLDH REQ low Data Hold 0 ns
tgHA Phase Hold from ACK low 0 ns
tDBIO SBEN high to I/0 low 0 ns
tbzDB Data Bus disable to SBEN high 0 ns

REQ ____L

t 0RO -] t RAH ~po1g——1t ARL——P|—t RAL—3»] tARH
ACK N
ATN VITTTLITITTTTI T A
|t DvA—>] —»] —t RLDH

SBO0-7, SBP <_vaLD X7z

SELIN

BSYOUT

TGS

—| | |g—tso — toHA
o IS i
|
C/D N \\\\\
|
MSG N
NN D, /4
|| |=—toso
SBEN -/
ARB -Pl k—tDZDB
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Information Transfer Phase Output (Initiator) Preliminary

NAME DESCRIPTION MIN TYP MAX UNITS
toRI Phase Valid to REQ high 100 ns
tRAH REQ high to ACK high 35 ns
tRAL REQ low to ACK low 0 ns
tpva Data Valid to ACK high 100 ns
tRLDH REQ low Data hold 0 ns
thH Phase hold from ACK low 20 ns
tARL ACK high to REQ low 0 ns
tiopB 110 low to SBEN low 0 ns
tDBE SBEN low to Data Bus Enable 85 ns
tDBA SBEN low to ACK high 185 ns
tRATL REQ High to ATN low 0 ns
tATLA ATN Low to ACK High 25 ns
tARH ACK Low to REQ High 35 ns

NOTE 1: ATN is only de-asserted in this manner during the last byte of a Message Out Phase.

—-ﬂ |t RATL
REQ /A t RAH——>> \
ATN ® [ €——t ARL—P tRAL [@——tARH—>
DVA =3 [ —1 toH [ —
ACK la—t ATLA )/
—>»1 tRLOH |-
NI/ /////// S /////, GRS 7////// —
BSYIN |«—t DBE4—>
IGS - t DBA —————3»
TGS
t— t ORI —>>]
110 A\
C/D
MSG m
R ->r-<—t|oos
SBEN  \ —

ARB
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Information Transfer Phase Output (Target)

NAME DESCRIPTION MIN TYP MAX UNITS
tsg SELIN low to Phase Change 0 ns
tiopB 1/0 high to SBEN low 500 ns
tDBR SBEN low to REQ out 185 ns
tDVA Data Valid to REQ high 100 ns
tRAH REQ high to ACK high 0 ns
tARL ACK high to REQ low 0 ns
tRAL REQ low to ACK low 0 ns
tARH ACK low to REQ high 0 ns
tgHA Phase hold from ACK low 0 ns
tADH Data hold from ACK low 0 ns
tDBE SBEN low to Data Bus Enabled 85 ns

REQ |¢————1 DBR———»{ .

t RAH 3t ARL k-t RAL -3} t ARH |<—
ACK N
ATN ANV VAR ARE VAR RARNA AR AR VANN AN VRNV AN
[ —»|  |«—tADH

s80-7, 58P NANNAANANNNH—(EW X

SELIN —»{  toee I<—

BSYOUT

TG

S > je—+—tso — toHA

o 7} R

ciD miL Pm

MSG 77 B AN\\Y

—Pl j<¢— t 10DB
SBEN \
ARB

164

NCR SCSI Products

04/88



Bus Release From Selection (Initiator)

NAME DESCRIPTION MIN TYP MAX UNITS
ttobp Bus Release Timeout Delay 100 us
tipoD IGS & SBEN Turn-off Delay 0 ns
tsob SELOUT Turn-off Delay 0 ns
tpos Driver Turn-off set-up to IGS & SBEN off 0 ns

(%)
[
—_
8:
?S
[
a.

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence
shall be aborted since selection has been successful.

BSYIN ©) 7
BSYOUT
SELIN \

SELOUT !
l¢—t 1DOD—3 tSOD I\;___
IGS
_—t——t TOD ————3| —31t DOS |~
SBO0-7, SBP (2 1Ds) ouUT ¢ IN

ATN ouT —{__IN

ACK N
SBEN

ARB
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Bus Release From Reselection (Target)

NAME DESCRIPTION MIN TYP MAX UNITS
tToD Bus Release Timeout Delay 100 us
tpoD TGS & SBEN Turn-off Delay 0 ns
tsoD SELOUT Turn-off Delay 0 ns
tpos Driver Turn-off set-up to TGS & SBEN off 0 ns

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release
sequence shall be aborted since selection has been successful.

BSYIN ) [T
BSYOUT
SELIN \
SELOUT \
<—tTDOD—>| tsop I<_
TGS
1o —>»| t DOS |t—
SB0-7, SBP _OUT (IDs) \ ouT IN
110 ouT I
) e
MSG, C/D OUT N
REQ ouT 1———-< IN
SBEN /4
ARB
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Bus Release From Information Phase (Initiator)

NAME DESCRIPTION MIN TYP MAX UNITS
tipB IGS & SBEN Turn-off Delay from BSYIN off 225 ns
tpos Driver Turn-off set-up to IGS off 0 ns
_5
w D
o5
»wo
o
a.

BSYIN ﬂ

BSYOUT

SELIN

SELOUT

| €——t 1DB—|

IGS

SBO-7, SBP OUT oR IN D < IN
—P‘ t DOS |t—

ATN ouT 3—-—\ IN
-—Dl tDOS (—

ACK out DT\ IN
—»I tDOS |—

SBEN

ARB
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Bus Release From Information Phase (Target)

NAME DESCRIPTION MIN TYP MAX UNITS
tTDB TGS & SBEN Turn-off from BSYOUT off : 225 ns
tDoOSs Driver Turn-off set-up to TGS off 0 ns

BSYIN \

BSYOUT \
SELIN
SELOUT
1t TDB ———}
TGS N
SBO-7, SBP OUT or IN DD s e G
—»I tDoS ft—
REQ ouT D IN
—.l tDoS |E—
110, C/D ouT S——t—— IN
MSG —>I tDOS [
SBEN T i,
ARB
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8310/C10/C11 GENERAL PURPOSE BUS TRANSCEIVER

Introduction
Product Description

The NCR 8310 General Purpose Bus Trans-
ceiver Chip, an NMOS device available in either a 48
pin DIP or 52 pin PLCC, is designed as a 48 mA bus
transceiver chip for all of the Small Computer System
Interface (SCSI) bus signals. It contains high-current
single-ended drivers for the SCSI bus. The NCR 8310 is
specifically intended to be used with the NCR 5386 SCSI
Protocol Controller Family and interfaces directly to it.
Additionally, it may be used with other interfaces where
a general purpose 48 mA bus transceiver is required.

The NCR 83C10 is functionally equivalent to
the NCR 8310 but has been designed in CMOS technol-
ogy. It is available in a 52 pin PLCC package and is pin
compatible with the NMOS device in this package, with
pins 33, 46 and 47 listed as No Connects (NC) on the
NCR 8310 and listed as Vss pins on the NCR 83C10.

NCR SCSI Products 04/88

Additionally, the NCR 83Cl11 is available. De-
signed in CMOS, the NCR 83Cl11 is functionally equiv-
alent to both the NCR 8310 and NCR 83C10, but offers
a pinout that has been optimized for connection to the
standard SCSI connector. This device is also available in
a 52 pin PLCC package.

NOTE: The NCR 5386 family includes the NCR 5385E
and NCR 5386.

Key Features
® Low Cost
® CMOS and NMOS technology
o Interfaces Directly to NCR 5386 Family

e Can Be Used With Other Interfaces
Requiring 48 mA Drivers

o Standard 48 Pin DIP (NCR 8310 Only) or 52
Pin PLCC (8310, 83C10, 83CI11)
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Application Overview k

Figures 1.1 and 1.2 respectively, illustrate the interconnection of the NCR 5386 family with the NCR 8310
Family, and the interconnection of any interface device to the NCR 8310 Family.

HOST
0 NCR NCR
PERIPHERAL]
5385E 8310 SCsiBUS
<+—P 5386 > 83C10 o R — A
83C11
SCSI PROTOCOL SCSI BUS
CONTROLLER TRANSCEIVER

FIGURE 1.1 Interconnection of NCR 5386 Family to NCR 8310 Family

HOST
OR NCR
PERIPHERAL INTERFACE 8310 48 mA BUS
D — P> +-——>

CHIP 83C10
83C11

GENERAL PURPOSE

BUS TRANSCEIVER

FIGURE 1.2 Interconnection of Any Interface Chip to NCR 8310 Family
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Figure 1.3 shows the specific interface between the NCR 5386 Family and the NCR 8310 Family. With this im-
plementation, a two-chip solution is possible.

lﬁO/ ID1/ 1D2/

I 1|

ARB———————
<4 sB7 DB7 ——P» §4—> SB7/
:_- SB6 DB6 ——P> g—P> SB6/
SBs DBS @—p> SBS/
SB4 DB4:= SBa/
SB3 DB3—P> SB3/
4 g2 DB2 —P> 4> SB/
NCR <4 spy DB1 ——P> <4—P>sB1/
<4~ SBo DBO ——P> NCR <§—p> SBO/
<4~ sBpP DBP ——P> <§—>SBP/
5385E @~ SBEN/ — DBEN/ —P» 8310
5386 [qQ ATN > 83c10
[ —— ACK——————— g— ATN/
IGS > 83C11 @ ACK/
TGS <
< MSG >
scsl PROTOCOL [ o > scsiBUs  [q o
CONTROLLER [ A Bl TRANSCENVER [Q o)
¢ BSYIN <4— REQ/
BSYOUT >
> SELIN
SELOUT —————pp BSY/
SEL/
<4——RSTIN— <4—P> RST/

RSTOUT/ ———-J

FIGURE 1.3 Single-Ended Interface Using the NCR 5386 SCSI Protocol
Controller Family and the NCR 8310 General Purpose Bus Transceiver Family
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Functional Pin Grouping

Figure 1.4 shows the functional pin grouping for the NCR 8310 Family of products.

PROTOCOL CONTROLLER

INTERFACE

SCSI BUS
INTERFACE

DBO...7 ¢——P
DBP 4——p

DBEN/ ———

BSYIN @————————
BSYOUT ————P

SELIN @———
SELOUT =

RSTIN @——————
RSTOUT/ —————P

NCR

8310
83C10
83C11

SCSI BUS
TRANSCEIVER

4— P SB0/...SB7/
¢—P SBP/

¢—P 10/
¢4———»C/D/
¢——P MSG/
¢———P REQ/

—P ATN/
§4—— P ACK/

[ ¢——PBSY/

¢——P SEL/

4—PRST/

FIGURE 1.4 NCR 8310 Family Functional Pin Grouping
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Pinout

Figures 1.5, 1.6 and 1.7 show the pinouts for the NCR 8310, NCR 83C10 and NCR 83C11 respectively. The
pinout for the NCR 8310 in the 52 pin PLCC package is identical to Figure 1.6 with pins 33, 46 and 47 listed as No Con-
nects (NC) for the NCR 8310. Pins 33, 46 and 47 of the NCR 83C10 MUST be tied to Vss.

pBo | 1 48| ARB
DBP | 2 47 | DB1 S5 - ~
sB7/ |3 46 | DB2 IBLEHIP 2R I3 8B 82 »
NNV HwOoODS OO 00O >E [
SBé/ | 4 45 | DB3 598
SBS/ |5 44| DB4 /7654321525150494847 g2
SB4/ | 6 43| DBs sea/[ 8 46 | Vss (NC) e
sB1/|9 NCR 8310 40 | 102/ s/ | 11 43 | D
sBo/ | 10 GENERAL 39| ID1/ sepy | 12 42 | 1D1/
41 | RSTIN
SeP/ |11 PURPOSE 38| RSTIN igs | 13 NCR 83C10
IGS | 12 Vdd 40 | vdd
v 13 DRIVER/ gz o vss | 14 GENERAL PURPOSE a6 |vo
3 15 DRIVER/RECEIVER
Tas|14  RECEVER ol ipoy o2 | 1 38 | IDo
SEU | 15 34 | DBEN/ seu | 17 37 | DBEN/
BSY/ | 16 33| RSTOUT/  goy/| 18 3 | RSTOUT/
ACK/ | 17 32| SELOUT  ,cx/| 19 35 | SELOUT
ATN/| 18 31| BSYOUT  arn/| 20 34 | BSYOUT
RVSOT// ;g 30 ég‘ 21 22 23 24 25 26 27 28 2930 31 32 33
29 T =5 S 22 X000 5
cmr | 21 28 | REQ 52382:;3%&35&%
MSG/ | 22 27| MsG & =2 g3
REQ/ | 23 26 | ACK
SELIN | 24 25 | BSYIN

FIGURE 1.5 NCR 8310 - 48 Pin DIP FIGURE 1.6 NCR 83C10-52Pin PLCC

=~

= 5 5
z =z
2008589525235
OS03Ss>CmvwdmniFCC
/7654321525150494847
ATN( 8 a6 | ATN/
RSTIN| 9 a5 | BSY/
SBO/ | 10 44 | ACK/
SB1/| 11 43 | Vss
SBY | 12 42 | RST/
Vss | 13 NCR 83C11 41 | MSG/
SB¥/ | 14 GENERAL PURPOSE 40 | SEU
sB4/ | 15 DRIVER/RECEIVER 39 | Vss
sBs/ | 16 38 | ooy
Vss | 17 37 | REQv
sBe/ | 18 36 | vor
sB7/| 19 35 | DBEN/
SBP/ | 20 34 | ARB
21 22 23 24 25 26 27 28 2930 31 32 33
N QW YO O 24§ =
238282823 285858

FIGURE 1.7 NCR83C11-52Pin PLCC
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Pin Description

SCSI Interface Signals

The following signals are all bi-directional,
active-low, open-drain signals. With 48 mA sink capac-
ity, all pins interface directly to the SCSI bus.

SIGNAL

DESCRIPTION

SBO/...SB7/
SBP/

1/0/

C/D/

MSG/

REQ/

ACK/

ATN/

BSY/

SEL/

174

These eight data bits (SBO/-SB7/) plus
a parity bit (SBP/) form the data bus.
SB7/ is the most significant bit and has
the highest priority during the Arbitra-
tion phase. Data Parity is odd. Parity
is not valid during Arbitration.

1/0/ is a signal driven by a target
which controls the direction of data
movement on the SCSI bus. True indi-
cates input to the initiator. This signal
is also used to distinguish between Se-
lection and Reselection phases.

A signal driven by the target, C/D/ in-
dicates Command or Data information
is on the data bus. This signal is re-
ceived by the initiator.

MSG/ is a signal driven by the target
during the Message phase. This signal
is received by the initiator.

Driven by a target, REQ/ indicates a
request for a REQ/ACK data transfer
handshake. This signal is received by
the initiator.

Driven by an initiator, ACK/ indicates
an acknowledgement for a REQ/ACK
data transfer handshake. In the target
role, ACK/ is received as a response to
the REQ/ signal.

Driven by an initiator, ATN/ indicates
an attention condition to the target.

This signal indicates that the SCSI bus
is being used and can be driven by
both the initiator and the target device.

SEL/ is used by the initiator to select a
target or by a target to reselect an initi-
ator.

SIGNAL

RST/

DBO...DB7

DBP

DBEN/

TGS

IGS

IDO/...ID2/

1/0

C/D

MSG

DESCRIPTION

The RST/ signal indicates an SCSI bus
RESET condition.

(I/0) This bidirectional data bus is
connected to the NCR 5386 signal
SBO/...SB7/.

(I/0) This bidirectional parity signal is
connected to the NCR 5386 signal
SBP/.

(Input) This signal enables the SCSI
bus drivers for SBO/...SB7/ and SBP/.
It is connected to the NCR 5386 signal
SBEN/.

(Input) This signal enables the SCSI
bus drivers for I/0/, C/D/, MSG/ and
REQ/. It is connected to the NCR
5386 signal TGS.

(Input) This signal enables the SCSI
bus drivers for ACK/ and ATN/. It is
connected to the NCR 5386 signal
IGS.

(Input) This signal enables decode of
IDO0/...ID2/ and asserts the selected
SCSI data bus ID. It is connected to
the NCR 5386 signal ARB.

(Input) These ID signals are used dur-
ing arbitration to select the correct
SB(n)/line. They are connected to the
NCR 5386 signals IDO/...ID2/.

(I/0) INPUT/OUTPUT - This pin is
used to drive or receive the SCSI sig-
nal I/0. It is connected to the NCR
5386 signal 1/0.

(I/0) CONTROL/DATA - This pin is
used to drive or receive the SCSI sig-
nal C/D/. It is connected to the NCR
5386 signal C/D/.

(I/0) MESSAGE - This pin is used to
drive or receive the SCSI signal
MSG/. It is connected to the NCR
5386 signal MSG.
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SIGNAL

DESCRIPTION

REQ

ACK

ATN

BSYIN

BSYOUT

SELIN

(I/0) REQUEST - This pin is used to
drive or receive the SCSI signal REQ/.
It is connected to the NCR 5386 signal
REQ.

(I/0) ACKNOWLEDGE - This pin
controls the SCSI signal ACK/. It is
connected to the NCR 5386 signal
ACK.

(I/0) ATTENTION - This pin controls
the SCSI signal ATN/. It is connected
to the NCR 5386 signal ATN.

(Output) This signal indicates the re-
ceived state of the SCSI signal BSY/.
It is connected to the NCR 5386 signal
BSYIN.

(Input) This signal drives the SCSI sig-
nal BSY/. It is connected to the NCR
5386 signal BSYOUT.

(Output) This signal indicates the re-
ceived state of the SCSI signal SEL/. It
is connected to the NCR 5386 signal
SELIN.

NCR SCSI Products 04/88

SIGNAL

SELOUT

RSTIN

RSTOUT/

NOTES:

DESCRIPTION

(Input) This signal drives the SCSI sig-
nal SEL/. It is connected to the NCR
5386 signal SELOUT.

(Output) This signal indicates the re-
ceived state of the SCSI signal RST/.
It is not connected to the NCR 5386.

(Input) This signal drives the SCSI sig-
nal RST/. It is not connected to the
NCR 5386.

1) NCR 5386 indicates the NCR 5385E, NCR 5386.

2) Input, Output, or I/O are indicated relative to the bus

transceiver.

Power Signals

SIGNAL
vdd

Vss

DESCRIPTION
5 Volts DC

Ground
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Electrical Characteristics

Operating Conditions
PARAMETER SYMBOL MIN TYP MAX UNIT
Supply Voltage vdd 4.75 5.25 Volts DC
Supply Current
(NCR 8310) Idd 145 mA
(NCR 83C10) Idd* : 5 mA
(NCR 83C11) Idd* 5 mA
Ambient Free Air Temperature Ta 0 70 °C
Hysteresis
(NCR 8310 only) 250 mV
(NCR 83C10/C11) 450 mV
Latch-Up Protection (83C10/C11) 150 mA
Signal Rise/Fall Times
(NCR 8310 only) (Ref. only) 22 nsec
(NCR 83C10/C11)
Rise (Ref. only) 3 20 nsec
Fall (Ref. only) 3 15 nsec
Output Load Capacitance CL 100 pF

* Idd specified at a frequency of 0.25 MHz (83C10/C11)

Input Signal Requirements

PARAMETER CONDITION MIN MAX UNIT

High Level Input Voltage, Vih 2.0 vdd Volts DC

Low Level Input Voltage, Vil 8310 only -0.3 0.6 Volts DC
83C10/C11 -0.3 0.8 Volts DC

High Level Input Current, Iih

SCSI: Vih = Vdd 50 RA
Other Pins: Vih = Vdd 10 nA

Low Level Input Current, Iil

SCSI: (except RST/

for 83C10/C11) Viil=0V =50 A
RST/: (83C10/C11) Vil=0V -90 rA
Other Pins: Vii=0V -10 rA
DBP: (8310 only) VII=0V -2 mA
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Output Signal Requirements
PARAMETER CONDITION MIN MAX UNIT

High Level Output Voltage, Voh

All pins except RSTIN, SCSI: Vdd = 4.75V 2.4 Volts DC
Ioh = —400 pA
RSTIN: vdd =4.75V 2.4 Volts DC
Ioh = —800 A 2
g
Low Level Output Voltage, Vol S
o
[«
All pins except RSTIN, SCSI: Vdd-4.75V 0.5 Volts DC
Iol = 2.0 mA
RSTIN: Vdd = 4.75V 0.5 Volts DC
Iol = 4.0 mA
SCSI: Vdd = 4.75V 0.5 Volts DC
Iol = 48.0 mA

Aboslute Maximum Stress Ratings

Voltage on any pin with respect to ground (Vss)

NCR 8310 only -03t07.0V

NCR 83C10/C11 —03toVdd + 0.3V
ESD Protection

NCR 8310 only 3,500 Volts

NCR 83C10/C11 4,000 Volts
Power Dissipation

NCR 8310 only 800 mW

NCR 83C10/C11 30 mW

Storage Temperature Range —65 to 150 °C

The values listed here are absolute maximums which if exceeded could cause permanent damage to the device.
All voltages are with respect to circuit ground.
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Chip Timing

Timing Diagrams

DBO...DB7
DBP

DBEN/

$B0/...5B7/
SBP/

170, C/ID
MSG, REQ

TGS

1101, CID/
MSG/, REQ/
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All AC timings are referenced to the .8 and 2.0 Volt Output levels.

AN\

L A HLLIIOK

<T1 9 | T |e
—IT:! < —» 14 e
| NAME | DESCRIPTION 8310 Max | 83C10/C11 Max NIT
T1 Data Bus to SCSI Bus Delay 90 75 ns.
T2 DBEN true to Data Bus Tri-state 90 90 ns.
13 DBEN fal | Bus Rel 100 100 ns.
T4 SCSI Bus to Data Bus Delay 65 65 ns.

AN\

To—pt

T8 |4

NAME | DESCRIPTION 8310 Max | 83C10/C11 Max UNIT
15 Control Signal Delay to SCSI Bus 90 70 ns.
T6__| TGS True to Input Release 65 50 ns.
17 TGS False to SCSI Bus Release 90 70 ns. |
T8 SCSI Bus Receiver Delay 65 65 ns.
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- T T10
ias y
L— T11 = - 112 |-

w
—
—_
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»8
c
o.

NAME | DESCRIPTION 8310 Max 83C10/C11 Max UNIT
T9 Control Signal Delay to SCSI Bus 90 70 ns.
T10 IGS True to Input Release 55 50 ns.
T11 IGS Fal | Bus Rel 90 70 ns.
T12 SCSI Bus Receiver Delay 65 65 ns.

BSYIN

SELIN -/

RSTIN - 113

BSYOUT —_— \

SELOUT

RSTOUT/ /

T4

BSY/, SEL/ y

RST/ |
NAME | DESCRIPTION 8310 Max 83C10/C11 Max UNIT
T13 Receiver Delay BSY RST SEL 65 65 ns.
T14 Driver Delay BSY RST SEL 85 70 ns.

|
ARB ——_ﬂ‘ \L
TS [ —41’16 <4

$80/-57  MMMMMNIMMIID MOTs:s:s

NAME | DESCRIPTION 8310 Max 83C10/C11 Max UNIT
T15 ARB True to DB(id) True 80 70 ns.
T16 ARB False to DB(id) False 80 70 ns.
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Mechanical Specifications

48 Pin Dual-In-Line Package
B
e A >
H
4

- s f—K—
\$ ¢

ol b palle” EJ LF —M

SEATING
PLANE
MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 59.18 62.48 2.330 2.460
B 13.08 14.73 0.515 0.580
C 2.41 5.84 0.095 0.230
D 0.38 0.56 0.015 0.022
E 0.38 1.27 0.015 0.050
F 2.29 2.79 0.090 0.110
G 0.51 1.91 0.020 0.075
H 0.20 0.36 0.008 0.014
J 14.97 15.75 0.590 0.620
K 14.48 17.78 0.570 0.700
L 0.38 1.52 0.015 0.060
M 2.54 5.59 0.100 0.220
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52 Pin Plastic Leaded Chip Carrier

RS
;
© [0 e
3’15; ™
~ - o
o w0
© - R 25
& o
o
+I
o
-
~
22 60°

50 rrP DETAIL OF "F"

45 x 45°
- PIN 1
X: SURFACE MOUNT POINT
j-1 ﬁi“
[
1 2
50X45°
R30
Do
S § - 240 N
~Is
H]
CJ
i T >
—a Y
NI N s
9 h @
EE-m-m-m-B
10 x 45° “ 400
1
60+10

60
MIN

wZ — T2
¥ N =
. \ O
NS SEATING — \/
11741 PLANE 16
IN
3216
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Application Notes
NCR 8310/83C10/83C11 Load Schematic

(Device under

1
test) -]::

SCSI PINS  ALL OTHER PINS

VL 3.0V 207V
R1 1Q +1% 820Q *1%
CL = C] + C2

Cl = Socket/hardware capacitance = 50 pf
R] = Extemnal load resistor

R2/C2= 50 Q/50 pf inherent in tester pin electronics
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NCR 83C10/83C11 Delta Time vs. Load Capacitance
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NCR 83C10/83C11 Idd vs. Frequency
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53C300 SCSI BUFFER CONTROLLER

Introduction
General Description

The NCR 53C300 SCSI Dual-Ported Buffer
Controller combines the functionality of the NCR 53C80
SCSI Interface Chip with a dual-ported buffer controller.
The SCSI portion of the chip supports the 1986 ANSI
X3.131 SCSI Standard and can be used in both the initia-
tor and target roles. The 53C300 supports arbitration,
including reselection. Special high current single-ended
output drivers, capable of sinking 48mA at 0.5V, allow
for direct connection to the SCSI Bus.

The 53C300 communicates with the system mi-
croprocessor as a peripheral device. The chip is con-
trolled by reading and writing the internal registers
which may be addressed as standard or memory-mapped
I/0. Minimal processor intervention is required for
DMA transfers because the chip controls the SCSI hand-
shake signals. The 53C300 also interrupts the micropro-
cessor when it detects a bus condition that requires
attention.

The buffer controller portion of the chip is spe-
cifically designed to simplify buffering and increase the
throughput of block-oriented high-performance peri-
pheral controllers. The dual-ported buffer controller
uses static RAM as a dual-ported circular FIFO. The
controller supervises data transfers to the buffer which
reduces the possibility of host overruns to the peripheral
and allows for high-speed DMA transfers. The 53C300
also contains the necessary logic for resolving peripheral
controller/SCSI transfer requests by giving priority to
the peripheral controller with the SCSI request honored
immediately afterward. The buffer controller can ad-
dress buffer sizes from 256 bytes to 64K bytes.

The 53C300 contains a general purpose 4-bit
output port. It supports Intel’s multiplexed address/data
bus scheme and also provides a demultiplexed address bus
for use by other peripherals. This chip is intended for use
in intelligent controllers and is software configurable via
the multiplexed microprocessor I/O bus and is also adapt-
able to other microprocessor 1/0 buses that are not multi-
plexed. The 53C300 provides three input signals with
internal pull-ups for SCSI device identification.

Another document which may prove helpful in
understanding the 53C300 is the NCR 5380/C80 Design
Manual. This, and information on other NCR products,
may be obtained by calling the NCR Hotline: 1-800-334-
5454.

NCR SCSI Products 04/88

Features Summary

® Supports the 1986 ANSI X3.131 SCSI Stan-
dard

Uses static RAM as a dual-ported circular
FIFO

Handles buffer sizes from 256 to 64K bytes
in 256-byte increments

Supports Intel’s multiplexed address/data bus

Provides demultiplexed address bus for use
by other peripheral devices which reduces
external logic

Provides three input signals with internal
pull-ups for SCSI device identification

® Functionally compatible with the NCR 5380
family

® On-chip single-ended bus transceivers

Flexible SCSI protocol control

e Stop pointer eliminates possibility of host
overruns

Additional 4-bit output port for general pur-
pose use

e Parity generation with optional checking

e Functions in both the initiator and target
roles

e Additional grounding and controlled fall
times reduce noise generated by SCSI Bus
switching

e Presents no D.C. load to the SCSI Bus when
powered down

® CMOS low power requirements

84-pin PLCC package
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Block Diagram

NCR 53C300 BLOCK DIAGRAM

STATIC RAM BUFFER
256-64K
SCSI ID

PERIPHERAL

CONTROLLER
A

BUFFER CONTROL EXREQ/
/5/  DEMULTIPLEXED
ADDRESS/DATA ADDRESSES
8-BIT MULTIPLEXED BUS
MICROPROCESSOR | CONTROL
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Pin Information

(Note: A Slash “/” indicates an active low signal.)
Pin Description

Microprocessor Interface Signals

SYMBOL PIN # TYPE
ALE 21 Input

Address Latch Enable - The ALE Signal latches the ad-
dress from the multiplexed Address/Data Bus (ADO-
AD?7). The falling edge of ALE latches the address onto
the Address Bus (AO-A7).

PWR/ 24 Input

Processor Write Request - The PWR/ Signal latches
data from the multiplexed Address/Data Bus (ADO-
AD7) to any selected internal register which can be writ-
ten. The rising edge of PWR/ latches the data into the
register. The address specified by the Address Bus (A0-
A7) determines to which register the data is written.

PRD/ 23 Input

Processor Read Request - The PRD/ Signal reads data
from any selected internal register which is readable.
The data will appear on the multiplexed Address/Data
Bus (ADO-AD?7). This data is valid on the rising edge of
PRD/. The address specified by the Address Bus (AO-
A7) determines from which register the data is read.

PCS 25 Input

Processor Chip Select - The PCS Signal enables the mi-
croprocessor access to all registers within the chip. If the
chip is sclected and the Address Bus (A0-A7) holds a
valid internal register address, the PRD/ and PWR/ Sig-
nals can be enabled to read or write data. The ALE Sig-
nal can latch data onto the Address Bus (A0-A7)
regardless of the logic state of this signal.

ADO-AD7 20-13 Input/Output
Address/Data Bus - The Address/Data Bus is an 8-bit
bus multiplexed between address and data. ALE latches
the address onto the Address Bus (AO-A7). During a
read, (PRD/ active) these lines are driven by the chip;
during a write, (PWR/ active) they are driven by the
MiCroprocessor.

NCR SCSI Products 04/88

SYMBOL PIN # TYPE
IRQ/ 41 Output

Interrupt Request - The IRQ/ Signal is sent to the micro-
processor when an interrupt condition has occurred
within the chip.

AO0-A7 33-26 Output

Address Bus - The Address Bus holds the last valid ad-
dress to have appeared on the multiplexed Address/Data
Bus (ADO-AD7). The falling edge of ALE latches the
address of ADO-AD?7 onto this bus.

Peripheral Interface Signals

These signals are used to interface the peri-
pheral controller to the chip.

SYMBOL PIN # TYPE
EXREQ/ 11 Input

External Data Transfer Request - The EXREQ/ Signal
is asserted when the peripheral controller requests the
next available memory cycle to do a transfer between it-
self and the buffer memory. It has priority over data
transfer requests from the SCSI Bus.

HSDO0-HSD7 74-67 Input/Output

High-Speed Data Bus - The High-Speed Data Bus al-
lows the 53C300 and the peripheral controller to transfer
data to the buffer memory. This common data bus is used
during transfers between the SCSI Bus and the buffer
memory or the peripheral controller and the buffer mem-

ory.
Buffer Control and Interface Signals

These signals are used to interface the chip to
the buffer memory.
SYMBOL PIN # TYPE
OE/ 10 Output
Output Enable - The OE/ Signal enables the buffer
memory for a read. It is asserted when the buffer is read

by the 53C300. The peripheral controller can read the
buffer when the 53C300 asserts this signal.
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SYMBOL PIN # TYPE
WR/ 9 Output

Write Enable - The WR/ Signal enables the buffer mem-
ory for a write. It is asserted low when the 53C300
writes to the buffer. The peripheral controller can write
to the buffer when the 53C300 asserts this signal.
MB0-MB15 7-1, 84-76 Output

Memory Buffer Address Bus - The Memory Buffer Ad-
dress Bus selects the desired memory locations within
the buffer memory. The value of the Read Address
Pointer (RAP) appears on this bus during a buffer read,
and the value of the Write Address Pointer (WAP) ap-
pears on the bus during a buffer write.

HSDO-HSD7 74-67 Input/Output

High-Speed Data Bus - The High-Speed Data Bus al-
lows the chip and the peripheral controller to transfer
data to the buffer memory. This common data bus is used
during transfers with the SCSI Bus and the buffer mem-
ory or the peripheral controller and the buffer memory.

Miscellaneous Signals

SYMBOL PIN # TYPE
CLKA/ 8 Input

Clock - The CLKA/ Signal synchronizes data transfers
with the buffer memory and the peripheral controller.

PORST/ 66 Input

Power On Chip Reset - The PORST/ Signal, when ac-
tive, resets all registers in the 53C300. This signal will
not assert the SCSI RST/ Signal.

DO0-D2 36-34 Output

Data Output Pins - The Data Output Pins are general
purpose output pins that can be controlled by accessing
the DO-D2 Bits (Register 30, Bits 3-5). They can be used
for general purpose control functions for external com-
ponents. Outputs D0-D2 have 4mA source capability
and 8mA sink capability.

LED/ 64 Output

Light Emitting Diode Driver Output - The LED/ Signal
can be used to drive an external light emitting diode. It
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can be controlled by accessing the LED/ Bit (Register
30, Bit 6). This output contains a special open-drain
high-current output driver with 48mA sink capability.
SYMBOL PIN # TYPE

IDO/-ID2/ 38-40 Input

SCSI ID Input Pins - The SCSI ID Input Pins are three
inputs which may be read by reading the ID0/-ID2/ Bits
(Register 30, Bits 0-2). These pins have on-chip pull-up
resistors. Before starting the arbitration process, the mi-
croprocessor should read these bits, decode their value,
and set up the correct value in the Output Data Register
(Register 20).

TP/ 37 Input

Test Pin - The Test Pin is intended for device functional-
ity tests only. This pin has an on-chip pull-up resistor and
should be tied high for normal operation.

SCSI Interface Signals

The following signals are all bi-directional, ac-
tive low, open-drain signals. With 48mA sink capability,
all pins interface directly with the SCSI Bus.

SYMBOL PIN # TYPE

ACK/ 55

Input/Output

Acknowledge - The ACK/ Signal, driven by an initiator,
indicates an acknowledgment for a SCSI data transfer
handshake. In the target role, ACK/ is received as a re-
sponse to the REQ/ Signal.
ATN/ 53 Input/Output
Attention - The ATN/ Signal, driven by an initiator, indi-
cates an attention condition. In the target role, ATN/ is
received.

BSY/ 54 Input/Output
Busy - The BSY/ Signal indicates that the SCSI Bus is
being used and can be driven by both the initiator and the
target device.

C/D/ 60 Input/Output
Control/Data - The C/D/ Signal, driven by a target, indi-

cates that control or data information is on the SCSI Bus.
This signal is received by the initiator.
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SYMBOL PIN #
1/0/ 63

TYPE

Input/Output

Input/Output - The I/O/ Signal, driven by a target, con-
trols the direction of data transfer on the SCSI Bus.
‘When active, this signal indicates input to the initiator.
‘When inactive, this signal indicates output from the initi-
ator. This signal is also used to distinguish between the
Selection and Reselection Phases.
MSG/ 58 Input/Output
Message - The MSG/ Signal is driven active by a target
during the Message Phase. This signal is received by the
initiator.

REQ/ 61 Input/Output
Request - The REQ/ Signal, driven by a target, indicates
a request for a SCSI data transfer handshake. This signal
is received by the initiator.
RST/ 57 Input/Output

Reset - The RST/ Signal indicates an SCSI Bus reset
condition.

NCR SCSI Products 04/88

SYMBOL PIN # TYPE
SDB0/-SDB7/  42-43, 45-49, 51 Input/Output
SDBP/ 52

SCSI Data Bits and Parity Bit - These eight Data Bits
(SDBO0/-SDB7/), plus a Parity Bit (SDBP/), form the
SCSI Data Bus. SDB7/ is the most significant bit and has
the highest priority ID during the Arbitration Phase.
Data parity is odd. Parity is always generated and op-
tionally checked. Parity is not valid during arbitration.

SEL/ 59 Input/Output

Select - The SEL/ Signal is used by an initiator to select a
target or by a target to reselect an initiator.

Power Signals

SYMBOL PIN # TYPE

VDD 12, 65 +5 Volts

VSS 22, 44, 50, Ground
56, 62, 75
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Registers
53C80 Registers

Current SCSI Data Register - Address 20
(Read Only)

The Current SCSI Data Register is a read-only
register which allows the microprocessor to monitor the
active SCSI Data Bus. If parity checking is enabled, the
SCSI Data Bus parity is checked at the beginning of the
read cycle. This register is used during a programmed
1/0 data read or during arbitration to check for higher
priority arbitrating devices. Parity is not guaranteed
valid during arbitration.

Output Data Register - Address 20 (Write
Only)

The Output Data Register is a write-only regis-
ter that sends data to the SCSI Data Bus. This register
should contain the proper ID bits to drive the SCSI Data
Bus during the Arbitration and Selection Phases.

Initiator Command Register - Address 21
(Read/Write)

The Initiator Command Register is a read/write
register which asserts certain SCSI Bus signals, moni-
tors those signals, and monitors the progress of SCSI
Bus arbitration. Many of these bits are significant only
when used as an initiator. However, most can be used
during target role operation.

Bit 7 - Assert RST/ - Read/Write

When set, the RST/ Signal is asserted on the
SCSI Bus. The RST/ Signal will remain asserted until
this bit is reset or until PORST/ (Pin 66) is asserted. Af-
ter this bit is set, IRQ/ goes active, all SCSI signals are
removed except for RST/, and Registers 20 through 27
are reset.

Bit 6 - Arbitration In Progress - Read Only

This bit is used to determine if arbitration is in
progress. For this bit to be active, the Arbitrate Bit (Re-
gister 22, Bit 0) must previously have been set. The Ar-
bitration In Progress Bit indicates that a bus-free
condition has been detected, and the chip has asserted
BSY/ and the contents of the Output Data Register onto
the SCSI Bus. Arbitration In Progress will remain set
until the Arbitrate Bit is reset.

NCR SCSI Products 04/88

Bit 6 - Test Mode - Write Only

This bit may be set in a test environment to dis-
able all output drivers. It should not be set for normal
operation.

Bit 5 - Lost Arbitration - Read Only

When set, this bit indicates that the chip has de-
tected a bus-free condition, arbitrated for use of the bus
by asserting BSY/ and its ID on the SCSI Bus, and lost
arbitration due to SEL/ being asserted by another bus de-
vice. For this bit to be set, the Arbitrate Bit (Register 22,
Bit 0) must be set.

Bit 4 - Assert ACK/ - Read/Write

This bit is used by the initiator to assert ACK/
onto the SCSI Bus. In order to assert ACK/, the Target
Mode Bit (Register 22, Bit 6) must not be set. Writing a
zero to this bit de-asserts ACK/ on the SCSI Bus. Read-
ing this register simply reflects the status of this bit.

Bit 3 - Assert BSY/ - Read/Write

‘When set, this bit asserts BSY/ onto the SCSI
Bus. When reset, this bit de-asserts the BSY/ Signal. As-
serting BSY/ indicates a successful attempt to gain con-
trol of the SCSI Bus. Resetting this bit creates a
bus-disconnect condition, except during the Selection
Phase. Reading this register simply reflects the status of
this bit.

Bit 2 - Assert SEL/ - Read/Write

When set, this bit asserts SEL/ onto the SCSI
Bus. SEL/ is normally asserted after arbitration has been
successfully completed. When reset, this bit de-asserts
the SEL/ Signal. Reading this register simply reflects the
status of this bit.

Bit 1- Assert ATN/ - Read/Write

When set, this bit asserts ATN/ onto the SCSI
Bus if the Target Mode Bit (Register 22, Bit 6) is not set.
ATN/ is normally asserted by the initiator to request a
Message Out Phase. When reset, this bit de-asserts the
ATN/ Signal. Reading this register simply reflects the
status of this bit.

Bit 0 - Assert Data Bus - Read/Write
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When set, this bit allows the contents of the
Output Data Register to be enabled as chip outputs on
SCSI signals SDB0/ through SDB7/. Parity is also gen-
erated and asserted on SDBP/. When connected as an
initiator, the outputs are only enabled if the Target Mode
Bit (Register 22, Bit 6) is not set, and the phase signals
C/D/, 1/0/, and MSG/ match the contents of the Assert
C/D/, Assert 1/0, and Assert MSG/ in the Target Com-
mand Register. The Assert Data Bus Bit should also be
set during DMA operations.

Mode Register - Address 22 (Read/Write)

The Mode Register is used to control the opera-
tion of the chip. This register determines whether the
chip operates as an initiator or target, whether parity is
checked, and whether interrupts are generated on vari-
ous external conditions.

Bit 7 - Do Not Set
Bit 6 - Target Mode - Read/Write

When set, the chip operates as a SCSI Bus tar-
get device. When reset, the chip operates as a SCSI Bus
initiator device. In order for the signals ATN/ and ACK/
to be asserted onto the SCSI Bus, the Target Mode Bit
must not be set. In order for the signals C/D/, 1/0/,
MSG/, and REQ/ to be asserted onto the SCSI Bus, the
Target Mode Bit must be set.

Bit 5 - Enable Parity Checking - Read/Write

This bit determines whether parity errors will
be ignored or saved in the parity error latch. When set,
parity errors are saved. When reset, parity errors are
ignored.
Bit 4 - Enable Parity Interrupt - Read/Write

When set, this bit causes the IRQ/ Signal to be
asserted if a parity error is detected. A parity interrupt
will only be generated if the Enable Parity Checking Bit
is also set.

Bit 3 - Enable EOP Interrupt - Read/Write

When this bit and the REOP Bit (Register 28,
Bit 3) are set, the IRQ/ Signal is asserted when the DMA
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transfer is completed. The DMA transfer is completed
when the value of STP is equal to the value of RAP dur-
ing a DMA send operation, or equal to the value of WAP
during a DMA receive operation.

Bit 2 - Monitor Busy - Read/Write

When set, this bit causes the IRQ/ Signal to be
asserted when BSY/ unexpectedly changes from active
to inactive. When the interrupt is generated, the lower
six bits of the Initiator Command Register are reset and
all signals are de-asserted on the SCSI Bus. The Busy
Error Bit (Register 25, Bit 2) will also be set when this
condition occurs.

Bit 1 - DMA Mode - Read/Write

The DMA Mode Bit allows a DMA transfer to
occur and must be set prior to writing Registers 25
through 27. Registers 25 through 27 are used to start
DMA transfers. The Target Mode Bit (Register 22, Bit
6) must be set prior to a write to Register 26 and reset
prior to a write to Register 27. The Assert Data Bus Bit
(Register 21, Bit 0) must be set for all DMA send opera-
tions. In the DMA Mode, REQ/ and ACK/ are automati-
cally controlled.

The DMA Mode Bit is not reset when an inter-
nal 53C80 core End of DMA Transfer Process Signal
(EOP/) is received. That is, it is not reset when the STP
equals RAP or WAP. Any DMA transfer may be stopped
by writing a zero into this bit location. However, care
must be taken not to access Registers 20 through 27
when the internal 53C80 core DACK/ Signal is active.
For this reason, the DMA Enable Bit (Register 28, Bit 1)
has to be reset first to stop any potential conflict with
DACK/. The SCSI BSY/ Signal must be active in order
to set the DMA Mode Bit.

Bit O - Arbitrate - Read/Write

When set, this bit starts the arbitration process.
Prior to setting this bit the Output Data Register should
contain the proper SCSI device ID value. One data bit
should be active for SCSI Bus arbitration. The chip will
wait for a bus-free condition before entering the Arbitra-
tion Phase. The status of the Arbitration Phase may
be determined by reading the Lost Arbitration and
Arbitration In Progress Bits (Register 21, Bits 5 and 6
respectively).
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Target Command Register - Address 23
(Read/Write)

The Target Command Register allows the mi-
croprocessor to control the SCSI Bus Information Trans-
fer Phase and/or to assert REQ/ simply by writing this
register. The Target Mode Bit (Register 22, Bit 6) must
be set for bus assertion to occur. If connected as an initi-
ator with the DMA Mode Bit (Register 22, Bit 1) set,
and the I/0/, C/D/, and MSG/ phase lines do not match
the phase bits in the Target Command Register, a phase
mismatch interrupt will be generated when REQ/ goes
active. In order to send data as an initiator, the Assert I/
0/, Assert C/D/, and Assert MSG/ bits must match the
corresponding bits in the Current SCSI Bus Status Regis-
ter (Register 24).

Bit 7 - Last Byte Sent - Read Only

This bit indicates that the last byte of the DMA
send operation has been sent on the SCSI Bus. This flag
is necessary since the End of DMA Transfer Bit (Regis-
ter 25, Bit 7) only reflects when the last byte was re-
ceived from the buffer memory.
Bit 3 - Assert REQ/ - Read/Write

When this bit is set, REQ/ is asserted.
Bit 2 - Assert MSG/ - Read/Write

When this bit is set, MSG/ is asserted.
Bit 1 - Assert C/D/ - Read/Write

When this bit is set, C/D/ is asserted.
Bit O - Assert I/O/ - Read/Write

When this bit is set, I/O/ is asserted.

Current SCSI Bus Status Register - Address 24
(Read Only)

The Current SCSI Bus Status Register is a read-
only register which monitors seven SCSI Bus control
signals plus the SCSI Data Bus Parity Bit. When a bit is
set, it represents an active signal; when a bit is not set or
reset, it represents an inactive signal.

Bit 7 - RST/
Bit 6 - BSY/
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Bit 5 - REQ/
Bit 4 - MSG/
Bit 3 - C/D/
Bit 2 - I/O/
Bit 1 - SEL/
Bit 0 - SDBP/

Select Enable Register - Address 24 (Write
Only)

The Select Enable Register is a write-only re-
gister which masks all but a single ID bit during a selec-
tion attempt of the 53C300 by another device. The SCSI
ID of the chip is written as a one (1) to the bit that corre-
sponds to the SCSI ID value. For example, if SCSI ID 7
is the ID of the chip, then Bit 7 must be set for the inter-
rupt to be generated after the chip is successfully se-
lected. The simultaneous occurrence of the correct SCSI
ID, BSY/ inactive, and SEL/ active will cause an inter-
rupt. This interrupt can be disabled by resetting all bits
in this register, effectively disallowing the chip to be se-
lected. If the Enable Parity Checking Bit (Register 22,
Bit 5) is active, parity will be checked during selection.

Bus and Status Register - Address 25 (Read
Only)

The Bus and Status Register is a read-only re-
gister which monitors six status bits and the two SCSI
control signals (ATN/ and ACK/) which are not found in
the Current SCSI Bus Status Register (Register 24).

Bit 7 - End of DMA Transfer

This bit is set if the Buffer Control logic has ter-
minated the DMA process. Since the termination hap-
pens as the last byte is transferred to the chip, the Last
Byte Sent Bit (Register 23, Bit 7) must be monitored to
ensure that the last byte sent to the Output Data Register
(Register 20) has been transferred to the SCSI Bus. This
bit is reset when the DMA Mode Bit (Register 22, Bit 1)
is reset .

Bit 6 - DMA Request

This bit allows the microprocessor to sample
the internal 53C80 core DMA Request (DRQ) Signal.
DRQ can be cleared by an internal 53C80 core DMA
Acknowledge ( DACKY/) Signal from the Buffer Control
logic or by resetting the DMA Mode Bit (Register 22,
Bit 1). The DRQ Signal does not reset when a phase mis-
match interrupt occurs.
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Bit 5 - Parity Error

This bit is set if a parity error occurs when re-
ceiving data or during a device selection. It can only be
set if the Enable Parity Checking Bit (Register 22, Bit 5)
is set. This bit may be cleared by reading the Reset
Parity/Interrupt Register (Register 27).

Bit 4 - Interrupt Request Active

This bit indicates whether an interrupt condi-
tion has been detected within the 53C300 core. When
set, the IRQ/ Signal is active; when reset, IRQ/ is inac-
tive. It can be cleared by reading the Reset Parity/
Interrupt Register (Register 27).

Bit 3 - Phase Match

The SCSI MSG/, C/D/, and I/O/ Signals deter-
mine the current Information Transfer Phase. The Phase
Match Bit indicates whether the current SCSI Bus phase
matches the lower three bits of the Target Command Re-
gister (Register 23). The Phase Match Bit is continu-
ously updated and is only significant when operating as a
bus initiator. A phase match is required for data transfer
to occur on the SCSI Bus.

Bit 2 - Busy Error

This bit is active if the BSY/ Signal is detected
inactive for at least 400ns. The Busy Error Bit will dis-
able any SCSI outputs and will reset the DMA Mode Bit
(Register 22, Bit 1). This bit can be monitored to deter-
mine when the SCSI Bus is in a bus-free state.

Bit 1 - ATN/

This bit reflects the condition of the SCSI ATN/
Signal . When this bit is set, ATN/ is active. This signal
is normally monitored by the target device. An active
SCSI ATN/ can assert the IRQ/ by setting the Enable At-
tention Interrupt Bit (Register 28, Bit 4).

Bit 0 - ACK/
This bit reflects the condition of the SCSI Bus

control signal ACK/. When this bit is set, ACK/ is
active.

194

Start DMA Send Register - Address 25 (Write
Only) :

The Start DMA Send Register produces a
strobe which starts a DMA send from the chip to the
SCSI Data Bus. To initiate a DMA Send operation, the
DMA Mode Bit (Register 22, Bit 1) and the DMA En-
able Bit (Register 28, Bit 1) must be set. Any value writ-
ten to this register will start the DMA send operation.
The DMA Send operation can be initiated in either the
initiator or the target mode.

Input Data Register - Address 26 (Read Only)

The Input Data Register is a read-only register
that is used to receive data from the SCSI Data Bus dur-
ing DMA transfers.

Start DMA Target Receive Register - Address
26 (Write Only)

The Start DMA Target Receive Register is writ-
ten to initiate a DMA receive from the SCSI Data Bus to
the chip for target operation only. To initiate a DMA Tar-
get Receive operation, the DMA Mode Bit (Register 22,
Bit 1), the Target Mode Bit (Register 22, Bit 6), and the
DMA Enable (Register 28, Bit 1) must all be set. Any
value written to this register will start the DMA Target
Receive Operation.

Reset Parity/Interrupt Register - Address 27
(Read Only)

The Reset Parity/Interrupt Register, when read,
resets the Parity Error Bit, the Interrupt Request Bit, and
the Busy Error Bit in the Bus and Status Register (Regis-
ter 25).

Start DMA Initiator Receive Register - Address
27 (Write Only)

The Start DMA Initiator Receive Register is
written to initiate a DMA Receive from the SCSI Data
Bus to the chip for initiator operation only. To initiate a
DMA Initiator Receive operation, the DMA Mode Bit
(Register 22, Bit 1) and the DMA Enable Bit (Register
28, Bit 1) must be set, and the Target Mode Bit (Register
22, Bit 6) must not be set. Any value written to this re-
gister will start the DMA Initiator Receive Operation.
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Buffer Control Registers

Memory Buffer Control Register - Address 28
(Read/Write)

The Memory Buffer Control Register controls
SCSI DMA transfers. It also allows the microprocessor
to access the buffer memory and contains the direction
of transfer and end of DMA transfer information. Read-
ing this register will strobe the contents of the RAP (Re-
gisters 2B and 2C) and WAP (Registers 2D and 2E) into
their respective monitor registers.

Bit 7 - SCSI Transfer Started - Read Only

When set, this bit indicates that a SCSI transfer
has started (at least one byte has been transferred). This
bit is reset when either the STP (Registers 29 and 2A) is
updated or the DMA Enable Bit is reset.

Bit 6 - Equal - Read Only

During DMA receive operations, this bit will
be set when the STP is equal to the WAP. During DMA
send operations, this bit will be set when the STP is
equal to the RAP. This bit is reset when either the STP is
updated or the DMA Enable Bit is reset.

Bit 5 - Status of SCSI ATN/ - Read Only

This bit reflects the status of the ATN/ Signal
on the SCSI Bus. When this bit is set, ATN/ is active.

Bit 4 - Enable Attention Interrupt - Read/Write

When set, this bit enables the occurrence of an
active SCSI ATN/ Signal to assert IRQ/. When reset, no
IRQ/ will occur on the assertion of ATN/. This bit has no
effect on the standard interrupt conditions detected
within the 53C80 core.

Bit 3 - REOP - Read/Write

When set, this bit allows the Equal Bit to termi-
nate a SCSI DMA operation by generating an internal
53C80 core End of DMA Transfer Process (EOP/) Sig-
nal. Resetting this bit will not generate an EOP/ when
the Equal Bit is set. This bit can be used with the Enable
EOP Interrupt Bit (Register 22, Bit 3) to signify the suc-
cessful transfer of a block of data.
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Bit 2 - Direction - Read/Write

This bit controls the direction of the data trans-
fer. When set, the transfer direction is from the buffer to
the 53C300. When reset, the transfer direction is from
the 53C300 to the buffer. This bit should be set for DMA
send operations and reset for DMA receive operations.

Bit 1 - DMA Enable - Read/Write

When set, this bit allows DMA transfers to oc-
cur. When reset, it prevents DMA transfers from occur-
ring. When terminating a DMA transfer, this bit must be
reset before resetting the DMA Mode Bit (Register 22,
Bit 1).

Bit 0 - Access Memory - Read/Write

When set, this bit enables the microprocessor to
access the buffer memory. The DMA Enable Bit must be
reset, and the Direction Bit must be set when doing
buffer memory reads and reset when doing buffer mem-
ory writes.

Stop Pointer (STP) Register - LSB - Address 29
(Read/Write)

The STP Registers contain the address of the
last byte to be transferred to the buffer memory. This
STP Register holds the LSB of the STP. This register
must be written prior to writing the MSB (Register 2A).

STP Register - MSB - Address 2A (Read/Write)

This STP Register holds the MSB of the STP.
Loading this location causes the STP (16 bit) to be up-
dated to the new value now held within the STP Regis-
ters. When DMA is in progress, the value of the STP
must not be incremented by less than two.

NOTE: Registers 2B to 2E have two parts. One
part is the register itself, and the other part is a monitor
register. When reading these registers, the value read is
that of the monitor and not the register itself. In order to
update the value in the monitor register to the present
value of the actual register, a read of the Memory Buffer
Control Register (Register 28) must be executed. This
can be executed at any time while the DMA is in
progress. Unlike the STP, either byte may be changed
first, but the monitor register will not be changed until a
read of Register 28 is performed.
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Read Address Pointer (RAP) Register - LSB -
Address 2B (Read/Write)

The RAP Registers contain the address in the
buffer memory that will be read on the next read cycle.
This RAP Register contains the LSB of the next buffer
read address.

RAP Register - MSB - Address 2C
(Read/Write)

This RAP Register contains the MSB of the
next buffer read address.

Write Address Pointer (WAP) Register - LSB -
Address 2D (Read/Write)

The WAP Registers contain the address in the
buffer memory that will be written on the next write cy-
cle. This WAP Register contains the LSB of the next
buffer write address.

WAP Register - MSB - Address 2E
(Read/Write)

This WAP Register contains the MSB of the
next buffer write address.

Processor/Buffer Register - Address 2F
(Read/Write)

The Processor/Buffer Register allows the mi-
croprocessor to access the buffer memory. It is important
that the DMA Enable Bit (Register 28, Bit 1)-is reset,
and the Direction Bit (Register 28, Bit 2) is correctly
written before accessing the memory. The procedure is
as follows:

A. To read information from the buffer:

1. Stop all transfers from the peripheral con-
troller and reset the DMA Enable Bit (Re-
gister 28, Bit 1).

2. Load the RAP (Registers 2B and 2C) with
the buffer address to be read.

3. Set the Direction Bit (Register 28, Bit 2).

4. Set the Access Memory Bit (Register 28,
Bit 0).

5. Read the byte from the Processor/Buffer
Register (Register 2F). The RAP will auto-
matically increment after the byte has been
read.
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B. To write information to the buffer:

1. Stop all transfers from the peripheral con-
troller and reset the DMA Enable Bit (Re-
gister 28, Bit 1).

2. Load the WAP (Registers 2D and 2E) with
the buffer address to be written.

3. Reset the Direction Bit (Register 28, Bit 2).

4. Set the Access Memory Bit (Register 28,
Bit 0).

5. Write the byte to the Processor/Buffer Re-
gister (Register 2F). The WAP will automat-
ically increment after the byte has been
written to the buffer.

External Control Register - Address 30
(Read/Write)

The External Control Register monitors the sta-
tus of three input pins and controls the status of four out-
put pins on the chip.

Bit 7 - Not Used
Bit 6 - LED/ - Read/Write

When set, the open-drain LED/ Signal is driven
low. Reading this bit reflects the status of this output.

Bit 5 - D2 - Read/Write

When set, the D2 Data Output Pin is driven
high. Reading this bit reflects the status of this output.

Bit 4 - D1 - Read/Write

When set, the D1 Data Output Pin is driven
high. Reading this bit reflects the status of this output.

Bit 3 - DO - Read/Write

When set, the DO Data Output Pin is driven
high. Reading this bit reflects the status of this output.

Bit 2 - ID2/ - Read Only
This bit indicates the status of the SCSI ID2/ In-
put Pin. The SCSI IDO/-ID2/ Input Pins may contain the

SCSIID or can be general purpose input pins. When set,
this bit indicates that ID2/ is active.
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Bit 1 - ID1/ - Read Only

This bit indicates the status of the SCSIID1/ In-
put Pin. When set, this bit indicates that ID1/ is active.

Bit O - IDO/ - Read Only

This bit indicates the status of the SCSI IDO/ In-
put Pin. When set, this bit indicates that ID0/ is active.

Functional Description
Reset Conditions

Hardware Chip Reset

The PORST/ Signal initializes the chip and
clears all internal logic and control registers. This is
a chip reset only and does not create a SCSI Bus reset
condition.

SCSI Bus RST/ Received

When an active SCSI RST/ Signal is received,
the IRQ/ Signal is asserted and the SCSI part of the chip
is initialized. Registers 20 through 27 are cleared, but
the Assert RST/ Bit (Register 21, Bit 7) remains
unchanged.

SCSI Bus RST/ Issued

If the microprocessor sets the Assert RST/ Bit
(Register 21, Bit 7), the RST/ Signal goes active on the
SCSI Bus and an internal reset is performed. The SCSI
part of the chip is initialized. Registers 20 through 27 are
cleared, but the Assert RST/ Bit remains set. The RST/
Signal will continue to be active until the Assert RST/
Bit is reset or until a hardware reset occurs.

SCSI and Peripheral Request Prioritization

Both the SCSI interface and the peripheral con-
troller can request a data transfer with the external
buffer. When a DMA transfer is in operation, data is
transferred to the buffer. If both a peripheral request and
a SCSI interface request occur at the same time, the pri-
ority is given to the peripheral. The EXREQ/ Signal is
sampled on the falling edge of CLKA/, and the internal
53C80 core DMA Request (DRQ) Signal is sampled on
the rising edge of CLKA/. If the EXREQ/ Signal is ac-
tive before DRQ becomes active, the EXREQ/ will be
serviced first and the SCSI interface request is comple-
ted in the next available memory cycle. The DMA con-
trol interleaves SCSI and peripheral transfers. The
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peripheral requests are synchronous to the 53C300 clock
(CLKA/, Pin 8), but the SCSI interface transfers are
asynchronous.

Pointer Operation in Data Transfers
General Operation

Data transfers to the external buffer are con-
trolled by three data transfer pointers: STP (Registers 29
and 2A), RAP (Registers 2B and 2C), and WAP (Regis-
ters 2D and 2E). The STP controls the number of data
bytes being transferred. The RAP contains the read ad-
dress of the buffer, and the WAP contains the write ad-
dress of the buffer. When a DMA transfer occurs, one
source will use the RAP and the other will use the WAP.
The STP determines when the transfer will stop. For ex-
ample, during a target receive operation, when the WAP
is equal to the STP, the End of DMA Transfer Bit (Regis-
ter 25, Bit 7) will be set indicating that all data received
from the SCSI Data Bus has successfully been written to
the buffer memory. Both the RAP and WAP are automat-
ically advanced after a byte has been read/written into
the buffer. The direction of the transfer is determined by
the value of the Direction Bit (Register 28, Bit 2). If the
Direction Bit is set, then data can be read from the
buffer. If the Direction Bit is reset, then data can be writ-
ten to the buffer.

During initiator or target DMA send opera-
tions, data is read from the buffer address as indicated by
the current value of the RAP and latched in the Output
Data Register (Register 20). During initiator or target
DMA receive operations, data latched in the Input Data
Register (Register 26) is written to the buffer address as
indicated by the current value of the WAP.

SCSI Operation

When the SCSI Data Bus is ready to transfer
data, an internal 53C80 core DMA Request (DRQ) Sig-
nal will become active. The data transfers from the SCSI
Data Bus to the buffer can continue until the RAP or the
WAP is equal to the STP. If the RAP or WAP is equal to
the STP, then the Equal Bit (Register 28, Bit 6) will be
set. The internal 53C80 core End of DMA Transfer
Process (EOP/) Signal will be asserted if the REOP Bit
(Register 28, Bit 3) is set. If the REOP Bit is set and the
Equal Bit becomes set, then this condition will set the
End of DMA Transfer Bit (Register 25, Bit 7) and assert
IRQY/ if the Enable EOP Interrupt Bit (Register 22, Bit 3)
is set. If the EXREQ/ Signal becomes active during a
SCSI transfer, the peripheral controller request will be
completed during the next available memory cycle.

197

%)
[
T
?2
»3
o
o




Peripheral Operation

When the peripheral controller is ready to
transfer data, it will assert EXREQ/. EXREQ/ must sat-
isfy the setup time with respect to the CLKA/ Signal.
Any current SCSI transfers will be completed. The peri-
pheral controller request will be completed on the next
available memory cycle. The buffer will be read/written
at the current address indicated by the RAP or the WAP.
If the internal 53C80 core DMA Request (DRQ) Signal
becomes active during a peripheral controller transfer,
then the SCSI transfer will be completed on the next
available memory cycle.

Microprocessor Access to Internal
Registers

The microprocessor interface is compatible
with Intel’s 8-bit address/data multiplexed bus scheme.
The microprocessor can read or write any of the internal
registers to initiate SCSI Bus activity or to assert any one
of the SCSI Bus signals. The microprocessor must write
the desired register address to the Address/Data Bus
(ADO-AD7, Pins 20-13), and then assert the PCS Signal.
After the address has been latched on the falling edge of
ALE, then a read or write can be executed by asserting
the PRD/ Signal or the PWR/ Signal. For a register
read, the data will appear on the Address/Data Bus after
a read access time delay. For a register write, the data

Electrical Characteristics
D.C. Characteristics

Absolute Maximum Stress Ratings

SYMBOL PARAMETER

Tstg Storage Temperature

VDD Supply Voltage

VIN Input Voltage

*ESD Electrostatic Discharge
(For all pads except SCSI)

*ESD Electrostatic Discharge

(For all SCSI pads)

*Tested using the human body model—100pF at 1.5kQ
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must satisfy the setup time before the rising edge of
PWR/ to ensure that the data is properly written to the
chip.

Microprocessor Access to the Buffer

The microprocessor can set up the buffer ad-
dress pointers by accessing the internal registers as
described above. Since the RAP, WAP, and STP Regis-
ters contain 16-bit addresses, the microprocessor must
write to the chip twice to change the addresses. The mi-
croprocessor can monitor the DMA transfers by reading
the RAP/WAP counters while the DMA is in progress. It
can also advance the STP while a DMA transfer is taking
place, but only by two or more. Access to the RAP/
‘WAP/STP while a DMA transfer is in progress does not
have an adverse effect on the DMA throughput rate.

The microprocessor can access a byte of data
stored in the buffer by setting the Access Memory Bit
(Register 28, Bit 0). The DMA Enable Bit (Register 28,
Bit 1) must not be set. The RAP/WAP must be loaded
with the correct address and the Direction Bit (Register
28, Bit 2) must be set for a read and not set for a write.
The data can be obtained by reading/writing the
Processor/Buffer Register (Register 2F). The RAP/WAP
will automatically be incremented after each byte is
read/written.

MIN MAX UNIT
-55 150 °C
-0.5 7.0 \Y%
VSS - 0.5 VDD + 0.5 \'
-3000 3000 \'%
—4000 4000 A%
NCR SCSI Products 04/88



Operating Conditions

All timings and DC characteristics shall hold across the full range of temperature and voltage states below:

SYMBOL PARAMETER MIN MAX UNIT
VDD Supply Voltage 4.75 5.25 \Y
IDD Supply Current 0 25 mA
Ta Operating Free-Air Temperature 0 70 °C @
—_—
SRF Signal Rise/Fall Time (SCSI pins) 8.0 ns § g
a.

Microprocessor Interface Signals

SYMBOL  PARAMETER MIN MAX UNIT COIES?:ION
VIL Input Low Voltage VSS - 0.5 0.8 A%
VIH Input High Voltage 2.0 VDD + 0.5 \%
VOL Output Low Voltage VSS 0.4 \% IOL = 3.20mA
VOH Output High Voltage 2.4 VDD \% IOH = —400uA
IOL Output Low Current 4.0 mA VOL = 0.4V
IOH Output High Current -2.0 mA VOH = VDD - 0.5V
IIH Input High Leakage 0 10 RA VIN = VDD
IIL Input Low Leakage -10 0 A VIN = VSS
SCSI Signals

TEST
SYMBOL PARAMETER MIN MAX UNIT CONDITION
VIL Input Low Voltage VSS - 0.5 0.8 v
VIH Input High Voltage 2.0 VDD + 0.5 v
VOL Output Low Voltage VSS 0.5 \% IOL = 48mA
VHYS Hysteresis 200 mV
IOL Output Low Current 48 mA VOL = 0.5V
L Input Low Leakage -10 0 pA VIN = VSS
ITH Input High Leakage 0 10 _A VIN = VDD
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Address Lines A0-A7

SYMBOL

PARAMETER

VOL

VOH

IOL

IOH

Buffer Control and Address Lines

Output Low Voltage
Output High Voltage
Output Low Current

Output High Current

SYMBOL PARAMETER

VOL Output Low Voltage

VOH Output High Voltage

VIL Input Low  Voltage
(HSDO-HSD7)

VIH Input High Voltage
(HSDO-HSD7)

1oL Input Low Current

IOH Input High Current

IIH Input High Leakage

IIL Input Low Leakage

200

MIN
Vss
2.4

4.0

-2.0

MIN
VSS

2.4

VSS - 0.5

2.0

4.0

-2.0

-10

MAX UNIT CONDITION
0.4 v IOL = 4.0mA
VDD \ IOH = —400uA
mA VOUT = VSS
mA VOUT = VDD
MAX UNIT CONDITION
0.4 v IOL = 4.0mA
VDD v IOH = —400uA
0.8 v
VDD + 0.5 v
mA VOL = 0.4V
mA  VOH = VDD — 0.5V
10 A VIN = VDD
0 A VIN = VSS
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Miscellaneous Input and Output Pins

TEST
SYMBOL PARAMETER MIN MAX UNIT CONDITION
VIL Input Low Voltage
(PORST/, ID0-ID2/) VSS - 0.5 0.8 \Y
VIH Input High Voltage
(PORSTY/, IDO-ID2/) 2.0 VDD + 0.5 \Y
w
VOL Output Low Voltage (DO- %S
D2) VSS 0.4 \Y IOL = 4mA 28
[+~
o
VOH Output High Voltage (DO-
D2) 2.4 vDD \Y IOH = —400uA
VOL Output Low Voltage
(LED/) VSs 0.5 \Y IOL = 48mA
IIH Input High Leakage
(PORSTY/, IDO/-ID2/, TP/) 0 10 pA VIN = VDD
IIL Input Low Leakage (Ex-
cept IDO/ID2/, TP/) -10 0 RA VIN = VSS
IIL Input Low Leakage (ID0/-
ID2/, TP/) —800 -50 rA VIN = VSS
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A.C. Characteristics

Microprocessor to Internal Register Read Timing

Symbol Description Min Max Unit
m ALE Pulse Width &0 ns
T2 Address Setup Time to ALE Low 5 ns
13 PCS Setup Time to ALE Low 20 ns
T4 ALE Low to PRD/ or PWR/ Low 50 ns
15 Address Hold after ALE Low 20 ns
T6 ALE Low to AG-A7 Address Valid 25 ns
7 PRD/ Pulse Width 100 ns
18 PRD/ Low to Valid Chip Data 100 ns
o Data Hold after PRD/ 0 10 ns

|<-L>|
ALE / \\
T4
le——>]e »|
PRD/ AN /
T2 5 8 ™
|j¢—>je—>} |e > | >
T6
fe—>
O \\\\\\\V
|4L3—>|
PCS /
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Microprocessor to Internal Register Write Timing

Symbol Description Min Max Unit
T ALE Pulse Width &0 ns
1 Address Setup Time to ALE Low 5 ns
3 Address Hold after ALE 2 ns @
T4 ALE Low to PRD/ or PWR/ Low 50 ns %3
1[S) PWR/ Pulse Width 100 ns 25
T6 Data Setup to PWR/ Transition 0 ns £
7 Data Hold after PWR/ 12 ns
8 PRD/ or PWR/ High to ALE High 2 ns
™ ALE Low to AO-A7 Address Valid 25 ns
TIo PCS Setup Time to ALE Low 20 ns

T

pa—
e /TN o

T4 15 18
e »le »le >
PWR/ \ /
oW 7
|¢—>jep| | |
ADO-AD7 m( ADDRESS 3 VALD DATA m
™
I ——
o s
TI0

I
PCS /
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Peripheral to Buffer Read Timing

Symbol Description Min Max Unit
T EXREQ/ Setup to CLKA/ Low 30 ns
T2 CLKA/ Low to New Address Valid 65 ns
13 CLKA/ Low to OE/ Low 80 ns
T4 EXREQ/ Hold after CLKA/ Low 80 * ns
15 Period of CLKA/ 20 ns
6 CLKA/ Low to Address Invalid 15 ns
7 CLKA/ Low to OE/ High 30 80 ns

* (Period of CLKA/) - 30 ns

5]
| »
S N N 4
| T T4

e/ N/
T2 16
e le—s]
MBO-MB15 W VALID ADDRESS @

K} v
|e—> |y
OE/ \ /
HSDO-HSD7 ( VALID DATA
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Peripheral to Buffer Write Timing

Symbol Description Min Max Unit
Tl EXREQ/ Setup Time to CLKA/ Low 0 ns
2 CLKA/ Low to New Address Valid & ns
13 CLKA/ High to WR/ Low 0 ns »
T4 CLKA/ Low to Address Invalid 15 ns %2
15 Width of WR/ Pulse . b ns ]
T6 CLKA/ Low to WR/ High 80 ns =
7 Data Setup to WR/ High e i ns
T8 Data Hold from WR/ High e i ns

* (One-half of the period of CLKA/) - 10ns

** One half of the period of CLKA/

** These timings depend on the characteristics of the memory device
being used

cwar S S S
T

— |
EXREQ/ \ /
7

|T4

|T3|T5|

WR/ \_/—
[e—>

T6
7 8

DENLARENL.N
HSDO-HSD7 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ VALID DATA
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Appendix

Data Transfer Request Prioritization

EXREQ/ K

\
\
\
\
\
\
\
\
DRQ \
\
\
\
\
\
\
\
\
]

/

(intemal signal

DACK/
(intemal signal)

<

> .
peripheral fransfer scsi transfer

EXREQ/ is sampled on the faling edge of CLKA/. DRQ indicates an SCSI data transfer
request. The DRQ Signal (internal to the chip) is sampled on the rising edge of CLKA/,

DRQ

DACK/
(internal signal)

.
]
\
L]
\
]
\
]
\
\
]
L]
\
]
\
1]
L]
\
)
\
\

~,

< >, +—»>
peripheral transfer scsi transfer

When an EXREQ/ is clocked on a falling edge of CLKA/ and a DRQ is clocked on
the rising edge, priority is given to the signal that is detected first. When the EXREQ/
is given priority, the DRQ will be serviced after two clock cycles.
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CLKA/ °% edse AT N/
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&2

[» =
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DRQ N

(Internal Signal)

DACK/
(Internal Signal)

N S

AN /

_ scsi transfer * peripherai fransfer

EXREQ/

\
\
\
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L]
\
\
]
\
\
\
1
\
)
L]
L]
]
1
A\
]
]
1
\
L]
]
¥
]
\
\
\

When a DRQ is clocked on a rising edge of CLKA/ and an EXREQ/ is clocked on
the falling edge, priority is given to the signal that is detected first. When the DRQ
is given priority, the EXREQ/ will be serviced after one clock cycle.
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80¢

SioNpoid ISOS HON

88/¥0

CHIP BOUNDARY

PERIPHERAL INTERFACE
CLKA/ HSDQ-HSD7 EXREQ /

y 0 U

CHIP BOUNDARY

1> W/

{> oF/

1 ] ]
BUFFER CONTROL LOGI
53C80 CORE + MEMORY BUFFER
o SCSI INTERFACE BUFFERS CONTROL REGISTER
SCSI (ADDRESS 28) 4>
53C80 INTERNAL REGISTERS
INTERFACE WAP
SIGNALS (ADDRESS 20 TO 27)
18/
T le——»{ mss
18/
[ ——> 5B
MEMOR
16
PCs [ >— INTERNAL CONTROL LOGIC + el ADDRESj
PWR/ > 21 | nes
PRD/ PROCESSOR BUFFER REGISTER «—> 16/ | Mux BUS
RAP TIMING
PORST/ [ (ADDRESS 2F) /8 LoGic
IRQ/K i —p MSB
al LSB
«—»)
ADO-AD7 C ) ne/
ADDRESS/DATA BU$
18/ 18/ s SP
18/ END
ADDRESS EXTERNAL CONTROL y o ne/ —. CF
ALE [ LATCH REGISTER (ADDRESS 30) /8/ TRANSFER
LB DETECT
LOGIC
WP INTERFACE

(D

HIGH SPEED
DATA BUS
HSDO-7

BUFFER
INTERFACE

MBO-MB15

\

MEMORY/
ADDRESS

BUS

U 0

IDO/-ID2/ LED/

y

DO-D2

CHIP BOUNDARY

weidei(q MoL eyeq



Register Summary

READ
CURRENT SCSI DATA (20
76 5 43 2 10

LI T TT]

SDB7/... SDBO/
INITATOR COMMAND (21)

7 6 5 43 2 10

LIT T T TT11]

| T AassertpaTA BUS
ASSERT ATN/
ASSERT SEL/
ASSERT BSY/
ASSERT ACK/
LOST ARBITRATION
ARBITRATION IN PROGRESS
ASSERT RST/

MODE (22)

76 543 2 10

ARBITRATE
DMA MODE
MONITOR BUSY

ENABLE EOP INTERRUPT
ENABLE PARITY INTERRUPT
ENABLE PARITY CHECKING
TARGET MODE

TARGET COMMAND (23)
76 5 43 2 10

HENEEEEE

ASSERT 1/O/
ASSERT C/D/
ASSERT MSG/
ASSERT REQ/

LAST BYTE SENT
CURRENT SCSI BUS STATUS (24)

7 6 5 43 2 1

LIT 1T ILI

WRITE
OUTPUT DATA (20)

76 5 43 2 10

LIT T T ]

SDB7/ ... SDBO/
INITIATOR COMMAND (21)

7 6 § 43 2 10

LI 1o [T 111

| I ASSERT DATA BUS
ASSERT ATN/
ASSERT SEL/
ASSERT BSY/
ASSERT ACK/

TEST MODE
ASSERT RST/

MODE (22)
76 5 43 21

I°|IL1I1TI

] T I ARBMRATE

DMA MODE
MONITOR BUSY
ENABLE EOP INTERRUPT

ENABLE PARITY INTERRUPT

ENABLE PARITY CHECKING
TARGET MODE

TARGET COMMAND (23)
7 6 5§ 43 2 10

LI T T L]

ASSERT |

ASSERT C

ASSERT MSG/
ASSERT REQ/

SELECT ENABLE (24)
7 6 543 2 10

LIT 1]

| I [ I scsl Ibo

SCSIID 1
SCSI ID 2
SCSI ID 3
SCSI ID 4
SCSIID §
SCSIID 6
SCSIID 7
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READ

BUS AND STATUS (25)
76 5§ 43 2 10

| I IACK/

TN/

BUSY ERROR
PHASE MATCH
INTERRUPT REQUEST ACTIVE
PARITY ERROR

DMA REQUEST
END OF DMA TRANSFER

INPUT DATA (26)

7 6 5§ 43 2 10
[(TIIIITT1]
SDB7/ ... SDBO/

RESET PARITY / INTERRUPT (27)
7 6 5 43 2 10
ENDOBEEE

MEMORY BUFFER CONTROL  (28)
7 6 5 4 3 2 1 0

DMA ENA

| l ACCESS MEMORY
DIRECTION

ENABLE AWENTION INTERRUPT
STATUS OF ATN/ SIGNAL

EQUAL
SCSI TRANSFERS STARTED
STP (LSB) (29)
7 6 5§ 43 2 10
HEEEEEEE
STP7 ... STPO
STP (MSB) (2A)
7 6 5§43 2 10

HENEEEEE

STP15 ... STP8

WRITE

START DMA SEND  (25)
76 543210
LxPx[x [ x] x| x] x| x|

START DMA TARGET RECEIVE  (26)
76 5 43 2 10

[x[x [xfx]x] x| x] ¥]

START DMA INITIATOR RECEIVE (27)
76 543210
Lx[x [x[x]x] x] x] x]

MEMORY BUFFER CONTROL (28)
7 6 5 4 3 2 1 0

| l ACCESS MEMORY
DIRECTlON
ENABLE A‘ITENTION INTERRUPT

STP (LSB) (29)

76 5 43 2 10

HEEEEEEE
STP7 ... STPO

STP (MSB) (2A)

76 5 43 2 10

STP15 ... STP8

= DONT CARE
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READ

RAP (LSB) (2B
7 6 543 2 10

LI TP T

RAP7 ... RAPO

RAP (MSB) (2C)

76 5 43 2 10

HEEEEEEE
RAP15 ... RAP8

WAP (LSB) (2D)

7 6 543 2 10

WAP7 ... WAPO
WAP (MSB) (2E)
76 5 43 210
LI T T]
WAP1S ... WAP8
PROCESSOR/BUFFER (2F)
7 6 543 2 10
LITT T T T]
HSD?7 ... HSDO
EXTERNAL CONTROL (30)
76 543 2 10

| I o/
D1/
D2/
Do

WRITE

RAP (LSB) (2B)
76 5§ 43 2 10

HEEEEEEE

RAP7 ... RAPO

RAP (MSB) (2C)

76 5 43 210

HEEEEEEN
RAP15 ... RAP8

WAP (LSB) (2D)

7 6 543 210

WAP7 ... WAPO
WAP (MSB) (2E)
76 543 2 10
LIT T T TTT]
WAPI15... WAP8
PROCESSOR/BUFFER  (2F)
76 5§43 210
HEEEEEEE
HSD7 ... HSDO
EXTERNAL CONTROL (30)

76 5§ 43 2 10

LIT T T 1T 1]
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84 Pin PLCC Mechanical Drawing

Note: All units are 1/1000 inches
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53C400 SCSI HOST ADAPTER

The NCR 53C400 SCSI Host Adapter is a
68-pin CMOS integrated circuit designed to interface the
Small Computer Systems Interface (SCSI) Bus to an
IBM PC, XT, AT or PS/2 Model 30 I/O channel bus.
This high performance host adapter retains software
compatibility with the NCR 5380/C80 SCSI chip while
providing improved asynchronous bus performance,
data buffering to match speeds and minimal external
support logic. The 53C400 also provides special high-
current output drivers capable of sinking 48 mA at
0.5V, thereby allowing for direct connection to the SCSI
Bus.

The 53C400 provides an eight-bit data interface
for the IBM PC family. It communicates with the host
microprocessor as a memory-mapped device and does
not require the use of I/0 address space. Base memory
address is switch selectable between eight choices.

Data transfer is accomplished via Programmed
Input/Output (PIO) operation from (to) the host memory
to (from) the host adapter. DMA is not used. In order to
match speeds between the SCSI and the host bus, two in-
dependent 128-byte data buffers are included in the
53C400. Therefore, simultaneous loading and unloading
of these data buffers can occur from both the interfaces.
Hence, data can be burst in excess of 1 Mbyte/s.

NCR SCSI Products 04/88

Six interrupt levels are programmable for the
PC, XT and AT computers, while interrupt sharing as
required by the PS/2 Model 30 system is supported. A
non-interrupting operation of the host adapter is also
supported.

In order to ease the development of programs
for the host adapter, the 53C80 register set is available.
Also, a Control/Status Register, a Block Counter and a
Switch Register have been included to facilitate the oper-
ation of the chip. An internal 64-byte RAM is also avail-
able for scratchpad space.

The 53C400, along with an external BIOS
ROM module, can be a total solution for a host adapter.
Address decoding is provided for an external static
RAM up to 1.5 Kbytes. Convenient enabling signals
such as RAMSEL, ROMSEL, SWSEL and DRVSEL
are provided.

The 53C400 is available in a 68-pin Plastic
Leaded Chip Carrier (PLCC) package.

The 53C400 Product Manual will be available
the second quarter of 1988.
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Pin Diagram

ASELO
ASEL1
ASEL2
VDD
D7

D6

D5

D4
VSS
D3

D2

D1

DO
CLK

RESET
AEN
A0

214

-] ROM_SEL/
] SW_SEL/

] DRV_SEL/

] RAM_SEL/

[] OWS
] IRQ

] SDBO/
] SDB1/
] SDB2/
] SDB3/
] SDB4/
] SDBS/

] SCSI_VSS
] SDB6/

-] SDB7/
] SDBP/

EEsEnEnEnininininisininEnEnEnEnEn

« [ sCsI_vss

NCR 53C400

SCSI HOST ADAPTER

68-PIN PLCC

[ 1 SATN/

] sBSY/

] scsI_vss
] SACK/

1 SRST/

] SMSG/

1 SSEL/

1 sc/p/

ﬁ SCSI_VSS
1 SREQ/

1 sior

] osc

1 1owr

1 SMEMW/
1 SMEMR/
1 A19

'] A18

A1 [
A2 [
A3 [
A4 ]
A5 ]
A6 [
A7 O
A8 ]
A9 ]

A10 [

A1 []

A12 [

A13 [

A4 [
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85C20 ERROR-CORRECTING CODE CHIP

Introduction
General Description

The NCR 85C20 integrated circuit is a low-
cost, high-performance, error-correcting code (ECC) IC
which efficiently implements a high-performance Reed-
Solomon code. This class of error-correcting codes was
first discovered over twenty-five years ago, but has only
recently become economical to implement. The NCR
85C20 IC represents a new step forward in implementa-
tion efficiency, translating to lower cost, which has been
accomplished with proprietary techniques developed by
Data Systems Technology, Corp. (DST).

The NCR 85C20 IC is targeted for optical and
magnetic storage applications, as well as a wide range of
communications applications. Currently, considerable
interest in the NCR 85C20 IC is coming from manufac-
turers of 5.25 inch optical disk drives and controllers;
the codes implemented in the NCR 85C20 IC have been
endorsed by U.S., Japanese, and international standards
committees as the recommended codes for 5.25 inch op-
tical storage devices. Interest from the magnetic disk and
tape communities is also increasing, now that the optical
storage industry has shown that high-performance error
correction is feasible for low-cost devices. A segment of
the magnetic disk industry is expected to use the NCR
85C20 IC to cut the cost of media, testing, and support
by handling higher defect densities.

Error-correction functions are divided between
the NCR 85C20 IC and companion software routines.
The IC generates ECC redundancy bytes (and CRC re-
dundancy bytes, if the optional CRC code is used) dur-
ing writes and ECC remainder bytes (and CRC residue
bytes, if used) during reads. The software routines per-
form algorithms on the ECC remainder bytes to deter-
mine error locations and values and correct the errors.
The CRC residue bytes (if used) are adjusted and
checked for zero to verify the error locations and values.

NCR SCSI Products 04/88

Features Summary

Some of the features of the NCR 85C20 IC are

outlined below.

® Transforms a high raw error rate into a low
corrected error rate at low cost.

® Makes feasible fast “on-the-fly” error cor-
rection using a long-distance Reed-Solomon
code.

Supports data transfer rates up to 32 mega-
bits per second.

Supports three to ten interleaves per physical
sector.

Implements ECC and CRC codes endorsed
by U.S., Japanese, and international stan-
dards committees for optical storage applica-
tions.

Supports variable redundancy from two to
sixteen bytes per interleave in two byte incre-
ments.

Logical sectors of arbitrary length can be
made up of multiple contiguous physical
sectors.

Flexible implementation alternatives make
the NCR 85C20 IC ideal for many applica-
tion areas.
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Block Diagram

Control/Counter Logic

I—Option Bits

CLOCK
Syndrome Non-Zero — ECC Error
Status for == STATUS
DIVIDE BY 2 f— TO-T3 Interleave
- - Clock 0-9
Control
ACK ontrol 1 Gated Clock
Interleave
Counter COMPARE
I— DG (Data/Control/CRC/ECC Time) Q-4
1 Gate [— PG (Control Pointer Time) 4 EQ
[ CG (CRC Time)
DATA_GATE Control — RG (ECC Time) CLR CLR CLK
— SG (Status Time) J [
T DG
Redundancy
Transfer
Interleave
Byte CCRC Counter Counter
Counter ounter .
EN TC EN TC TC
LD CLKD CLK D CLK LD LD CLKD LD CLKD
= (1= | T o LIt &) | T
DG RG —|— RG
Byte Control Interleave Transfer
Count Reg. Count Reg. Count Reg. Count Reg.
wP_BUS
wP DATA ] Driver/ l 1 = 1 1 Option
(7:0) i i i i Register
uP_RD —1 P Control
#P WRT—— & Address
uwP_CS — Counter PATENT PENDING
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Data Flow

/
/
\
\ w
\ -
0 —_
) SEQ_DATA 33
— (7:0,P) 2 X=]
_ ! £
Parity RD*(CG + RG)*DIAG -] SOE
Check
CRC 1
\\ Parity
DMA DATA=T={ | 0 Gen.
(7:0,P) / P
cG 1
ECC 0
Parity CG
Gen.
L/
[:
SEQ_REQ— |— SEQ_ACK
O BFRACK— ua |—BFRREQ
SG +RD#(CG +RG)*DIAG STATUS wP_ACK= conwol |—#P_REQ
CG,RG,SG,RD — —ACK
/ SG Option Bits — |— DOE,SOE,POE
0
uP_DATA /
(7:0) \ 1 wP_BUS
POE 4P RD PATENT PENDING
0
\ )
/
/
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Configuration Examples

DATA
scsl < > SEQUENCER
REQ REQ .
ACK ACK ‘
cs, _> BFR cs,
RW \ y NCR 8520 RIW
ACK
A = N T
ACKREQ REQACK | o 0co OE CER_GATE
cs,
DMA CONTROL BUFFER REQACK PRC RW
cs, CONTROL REQ je—7 1 ’\
: DMA ACK
Riw CONTROL
N A
cs,
RIW
"\
CONTROL
DATA

ADDRESS

MICROPROCESSOR RAM j ROM

Listen Mode When Transferring Remainder/Status Bytes to Microprocessor Port
Note: For both read and write, data of consecutive sectors will be non-contiguous since requests must be

made of the buffer's DMA controller to transfer the CRC/ECC residue/redundancy bytes to and from the
sequencer.
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P DATA
scsl I > SEQUENCER
—
prn REQ
ACK REQ
g/sv;l _-> BFR cs, »n
RIW -
A ‘\) ack  NCR85C20 _5
\ /\ a2
ACKREQ REQACK | anomess oF cen. o 83
1 ‘ S
DMA CONTROL BUFFER REQACK PRC RW a
cs, CONTROL /\
RIW ACK REQ
/) i
CONTROL
DATA

ADDRESS

MICROPROCESSOR RAM S ROM

Listen Mode When Transferring Remainder/Status Bytes to Buffer Port

Note: For both read and write, data of consecutive sectors will be non-contiguous since requests must be
made of the buffer's DMA controller to transfer the CRC/ECC residue/redundancy bytes to and from the
sequencer. The CRC residue, ECC remainder, and status bytes will be in a separate area of buffer RAM
since an independent DMA channel is used to transfer them.
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DATA

220

= eFr sEQ @
scs! < NCR 85C20 SEQUENCER
REQ EQ REQ REQ
ACK ACK ACK ACK
cs, cs, cs,
RIW REQACK PRC RW RIW
() ¥ ] I N A
ACKREQ  REQ ACK REQ F
ADDRESS oMA hea
DMA CONTROL BUFFER CONTROL
cs, CONTROL cs,
RIW RIW
/\ N\
CONTROL
DATA
ADDRESS
MICROPROCESSOR RAM

™

Transparent Mode When Transferring Remainder/Status Bytes to Microprocessor Port
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DATA
e S| eFR sEQ ®
scst NCR 85C20 SEQUENCER

REQ REQ REQ REQ

ACK 1 ACK ACK ACK
cs, | cs, cs, 4
AW REQACK PRC RIW RIW —O
| 7=
/S /\ (=
ACKREQ REQACK | aopmess L— 4 » 2
o

DMA CONTROL BUFFER

CONTROL

CS,
R/W ACK REQ

N1 L

CONTROL

DATA

U U

ADDRESS
MICROPROCESSOR RAM —: ROM

Transparent Mode When Transferring Remainder/Status Bytes to Buffer Port

Note: A variation of this configuration is shown by the dashed line and selection of
XFR_REM_REM_WITH_BFR_REQ mode. This would eliminate the requirement for another DMA channel,
but would result in the read data from consecutive sectors being non-contiguous in the buffer, with each
sector’s data bytes followed by its ECC remainder bytes.
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Pin Information

Pin Descriptions

References to CRC are understood to apply only when the optional CRC code is selected.

Symbol

CLOCK

RD_WRT/

DATA_GATE

CER_GATE

ERROR/

BFR_DATA

BFR_REQ
BFR_ACK

SEQ_DATA

SEQ REQ
SEQ_ACK

PRC_DATA

PRC_REQ

222

Type

I

I

1

1/0

1/0

1/0

Description

The bit clock. If the divide-by-two option is chosen, the frequency of this input must be
equal to or greater than the bit rate. If the divide-by-two option is NOT chosen, it must be
equal to or greater than one-half the bit rate.

An input which places the IC in the Read Mode if high or the Write Mode if low.

An input which defines the beginning of the data for which the ECC redundancy bytes are
to be calculated. DATA_GATE must be deasserted prior to the assertion of BFR_ACK for
the last check byte of a sector. The first assertion of BFR_ACK following the assertion of
DATA_GATE defines the beginning of data.

A high-active output asserted during CRC redundancy time and ECC redundancy time. In
the Listen Mode, it can be used to block the output from the buffer while the NCR 85C20
IC is outputting the write CRC/ECC redundancy bytes. It can also be used during reads to
block writing the read CRC residue/ECC redundancy bytes to the buffer. During Diagnos-
tic and Listen modes, this output is forced inactive.

A low-active output asserted if the IC detects any parity error, hardware error, ECC error,
or CRC error.

A nine-bit wide port for data to and from the data buffer. Parity may optionally be gener-
ated and checked.

An output for requesting the transfer of data from the buffer.
An input to acknowledge the request and gate data onto the data bus.

A nine-bit wide port for data to and from the sequencer. Parity may optionally be generated
and checked.

An input from the sequencer to request the transfer of data.

An output to the sequencer to acknowledge the request and gate data onto the sequencer
bus.

A eight-bit wide port for transferring configuration data to or from the microprocessor and
CRC residue bytes, ECC remainder bytes, and status bytes to the microprocessor if the
XFR_REM_TO_BFR bit is reset. This port also transfers control pointer bytes if the con-
trol pointer count is non-zero and the XFR_REM_TO_BEFR bit is reset.

An output for requesting the transfer of CRC residue bytes, ECC remainder bytes, and sta-
tus bytes (and control pointer bytes, if used) via the PRC_DATA port if the
XFR_REM_TO_BFR bit is reset, or via the BFR_DATA port if the XFR_REM_TO_BFR
bit is set.
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Symbol Type Description

PRC_ACK I An input to acknowledge the request for CRC residue bytes, ECC remainder bytes, and
status bytes (and control pointer bytes, if used) and to gate them onto the appropriate bus.
PRC _CS/ I A low-active chip select input used for selecting the IC during configuration writes and
reads.
PRC_WE/ 1 A low-active write enable input used for writing the configuration registers.
PRC_RD/ I A low-active read enable input used for reading the configuration registers. 2
%3
VDD I Voltage supply. %8
£
Vss I Ground.

Pin Configuration

B B B B B B B B B
F F F F F F F F F
R R R R R R R R R 8
D D DD D D DD D Q
A A A A A A A A A -
T T T T T T T T T R
A A A A A A A A A E
P 7 € G @4 Vss@ @ (1) © Q
1 1 1 1 1 1 1 1 1 1 1
,_I 6 5 4 3 2 1 44 43 42 41 40 \
BFR ACK — 7 39 |~ SEQ ACK
BFR REQ — 8 38 [~ SEQ DATA(P)
CER GATE —{ 9 37 [~ SEQ_DATA(7)
PRC_DATA(7) =110 36 [~ SEQ DATA(6)
Vgg =11 35 - Vss
PRC_DATA(6) = 12 (TOP VIEW) 34 - SEQ DATA(5)
PRC_DATA®S) =13 33 [~ SEQ DATA(4)
PRC_DATA(4) —| 14 32 [~ SEQ _DATA(3)
PRC_DATA(3) = 15 31 {—- SEQ DATA(2)
PRC_DATA(2) —{16 30 |- SEQ DATA(1)
PRC_DATA(1) = 17 29 |- SEQ DATA(0)
118 19 20 21 22 23 24 25 26 27 28|J
1 1 ) 1 ) T 1 I 1 1 1
P P P P P VppP C R D E
R R R R R L D A R
c ¢c c c ¢ ¢ 0O - T R
S - e - C W A O
D R W C A R K R - R
A E E S C D T G |/
T Q@ [/ I K / A
A T
©) E
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Pin Diagram (Prototypes)

o]
o
«
O N OW T N O N ~ O |
FO0OO0O0 0N OO O O O
LEECE TV EE & & WO
mnaadaa>an oo o»
BFRACK — 7 6 5 4 3 2 144 43 42 41 40 39 |— seq_ack
BFR_LREQ —m1 8 38 |— SEQs8
RDN_GATE 9 37 |— SEQ7
BFR7 — 10 36 |— SEQs
VSS1 —1 11 35 |— vss3
BFR6 — 12 NCR 85C20 34 |— sEas
BFRS — 13 33 }— SEQ4
BFR4 —m 14 . 32 }— SEQ3
BFR3 — 15 31 |— SEQ2
BFR2 — 16 ‘ 30 |— seat
BFR1 — 17 29 }— SEQO
18 19 20 21 22 23 24 25 26 27 28
2 22335328 83
3 epeoLpa P S 's % 3
2295 233273
o0 o8 @ @

4/8,
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Registers

Configuration Registers

The IC is configured by writing six bytes to the

microprocessor port. This establishes the following pa-
rameters and modes of operation:

follow.

Listen/Transparent Mode
Normal/Diagnostic Mode

Remainder Transfer Mode

Enable/Disable Bus Parity Checking
Request/Acknowledge Polarities

Data Gate Polarity

Normal/Divide-By-Two Clock

Number of Data Bytes per Data Field
Number of Control Bytes per Control Field
Number of Interleaves

Number of ECC bytes per Interleave
Enable/Disable CRC Code

Enable/Disable ECC Feedback During Re-
dundancy Time

Complete details of the five configuration bytes

Configuration Register 1

Bit

7

NCR SCSI Products

RESET: Clears all control and error latches.
RESET_ERRORS: Clears all error latches.

INITIALIZE: This bit must be set to allow the
internal configuration register pointer to point to
register 2; otherwise the pointer will remain
pointing to byte 1. The state of the configuration
register pointer at power-up is indeterminate;
writing five consecutive hex 80 values to the mi-
croprocessor port will assure that the pointer is
pointing at register 1.

READ_STATUS: When this bit is set, a micro-
processor read sequence will read the two status
registers instead of the configuration registers.
The first read will input status register 1 and the
second, status register 2.

04/88

Bit

3

DIAGNOSTIC_MODE: When this bit is set,
during writes ECC redundancy bytes input from
the buffer will be passed to the sequencer instead
of those generated by the IC; during reads the

" ECC redundancy bytes input from the sequencer
will be output instead of the ECC remainder
bytes generated by the IC.

2-0 INTERLEAVE_COUNT 2-0:

Bit

7

NUMBER OF
INTERLEAVE COUNT  INTERLEAVES
0 3
1 4
2 5
3 6
4 7
5 8
6 9
7 10

Configuration Register 2

LISTEN_MODE: If this bit is set, listen mode is
enabled, otherwise transparent mode is enabled.

XFR_REM_ON_ERR: If this bit is set, the CRC
residue bytes, ECC remainder bytes, and status
bytes will be transferred starting when a non-
zero CRC residue byte or ECC remainder byte is
encountered.

XFR_REM_TO_BFR: If this bit is set, the CRC
residue bytes, ECC remainder bytes, and the sta-
tus bytes (and control pointer bytes, if used) will
be output from the buffer port instead of the mi-
Croprocessor port.

XFR REM WITH_BFR_REQ: If this bit is set,
requests to transfer CRC residue bytes, ECC re-
mainder bytes, and status bytes (and control
pointer bytes, if used) during reads will be di-
rected to the BFR_REQ output instead of the
PRC_REQ output. The acknowledge will still be
expected on the PRC_ACK input. The
XFR_REM_TO_BFR bit must be set and the
LISTEN_MODE bit must be reset or else this bit
is overridden.
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Bit

0

DELAY SEQ_ACK: If this bit is set and trans-
parent mode is being used, then during redun-
dancy time the deassertion of SEQ_ACK is
delayed for one-half to one-and-one-half internal
clock periods from the deassertion of SEQ_REQ.
Otherwise SEQ_ACK will be deasserted imme-
diately upon the deassertion of SEQ_REQ.

BFR_PARITY_CHECK: This bit enables check-
ing of parity of input data on the buffer port.

SEQ_PARITY_CHECK: This bit enables check-
ing of parity of input data on the sequencer port.

NOT_USED: Must be zero.

Configuration Register 3

Bit

7

226

BFR_REQ_HI ACT: Setting this bit defines the
active state of the buffer request BFR_REQ as
high active.

BFR_ACK_HI_ACT: Setting this bit defines the
active state of the buffer acknowledge
BFR_ACK as high active.

SEQ_REQ HI ACT: Setting this bit defines the
active state of the sequencer request SEQ_REQ
as high active.

SEQ_ACK_HI-ACT: Setting this bit defines the
active state of the sequencer acknowledge
SEQ_ACK as high active.

PRC_REQ_HI_ACT: Setting this bit defines the
active state of the microprocessor request
PRC_REQ as high active.

PRC_ACK_HI_ACT: Setting this bit defines the
active state of the microprocessor acknowledge
PRC_ACK as high active.

DATA_GATE_HI ACT: Setting this bit defines
the active state of the DATA_GATE input as high
active.

ENABLE FEEDBACK: Setting this bit enables
feedback during ECC redundancy time of a read.

Configuration Register 4

Bit

7

40

SYNCHRONOUS_ACK: If this bit is set, the
BFR_ACK signal must be synchronous with the
input clock. If this bit is reset, BFR_ACK is in-
ternally synchronized with the input clock result-
ing in a one-half to one-and-one-half clock delay
in processing the data byte.

NO_CRC: If this bit is set, no CRC bytes will be
calculated or output by the IC.

BURST: If this bit is set, burst transfers to/from
the FIFO will be enabled. PRC_REQ or
BFR_REQ, as appropriate, will remain asserted
as long as the FIFO is not full/empty. Assertion
of the respective ACKnowledge will not cause
the REQuest to be deasserted.

CONTROL_COUNT 4-0: This field is the five
bits of the control pointer byte count. The value
loaded is the length of the control pointer field,
zero to thirty-one. The control pointer field is ap-
pended to the end of the data field and prior to the
CRC/ECC field. It is transferred with the same
REQuest-ACKnowledge signals that are selected
to transfer the CRC/ECC field.

Configuration Register 5

Bit

7

6-4

DIVIDE BY 2: If this bit is set, the input clock
will be divided by two.

TRANSFER_COUNT 2-0: This field allows less
than the maximum number of sixteen ECC re-
dundancy bytes per interleave to be transferred.

NUMBER OF ECC

TRANSFER REDUNDANCY BYTES
COUNT TRANSFERRED
0 2
1 4
2 6
3 8
4 10
5 12
6 14
7 16
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Bit

3-0 BYTE_COUNT 11-8: This field is the four high-
order bits of the data byte count. The value
loaded is the four high-order bits of (N-2) where
N is the number of data bytes, not including any
control pointer bytes.

Configuration Register 6
Bit

7-0 BYTE_COUNT 7-0: The eight low-order bits of
the data byte count. The value loaded is the eight
low-order bits of (N-2) where N is the number of
data bytes, not including any control pointer
bytes.

Status Registers

Following the transfer of the ECC remainder
bytes during a read, two bytes of status information are
transferred.

Status Register 1
Bit

7-0 ECC_ERROR: One or more of the ECC remain-
der bytes was non-zero for interleaves 7 to O re-
spectively.

Status Register 2
Bit

7 SUMMARY_ERROR: Indicates that at least one
other bit of one or both of the status registers is
non-zero.

6 SHIFT_REGISTER ERROR: A hardware error
occurred in one of the internal shift registers.

5 TRANSFER OVERRUN: During a write, an at-
tempt was made to read from the FIFO but it was
empty. During a read, an attempt was made to
write to the FIFO but it was full.

4 SEQ _PARITY_ERROR: A parity error was de-
tected on data being input on the sequencer port.

3 BFR_PARITY ERROR: A parity error was de-
tected on data being input on the buffer port.

NCR SCSI Products 04/88

Bit

2 CRC_ERROR: One or more of the CRC residue
bytes was non-zero.

1-0 ECC_ERROR: One or more of the ECC remain-
der bytes was non-zero for interleaves 9 to 8 re-
spectively.

Functional Description
IC Functional Specifications
Data rate: Maximum 32 megabits per second.

Interfacing: Parallel I/O to buffer, sequencer, and micro-
processor.

ECC Code type: Interleaved Reed-Solomon code of de-
gree sixteen.

CRC Code type: Degree four Reed-Solomon code oper-
ating on EXCLUSIVE-OR sum of bytes across inter-
leaves.

Number of interleaves: Three to ten.
Number of errors corrected per interleave:

Guaranteed: one-half the number of ECC re-
dundancy bytes used; one to eight. Many error
events with more symbol-errors (up to the num-
ber of ECC redundancy bytes used) may be
corrected if special software algorithms are
used.

Sector sizes accommodated:

Up to the number of interleaves used multiplied
by 239, minus four if the optional CRC code is
used. Arbitrarily large logical sectors may be
generated by writing multiple physical sectors
back-to-back.

Raw error event rate accommodated:

Using 512-byte, three-interleave sectors, up to
1.E-4 events per bit, depending on burst-length
distributions and randomness of error events.
Some configurations can accommodate a raw
error event rate greater than 1.E-4.

227

w
[
_ O
8:
S
o
a.




Corrected error rate:

Excluding hardware failures, less than 1.E-13
uncorrectable events per bit for 512-byte,
three-interleave sectors and a raw error rate of
1.E-4 events per bit in which each error event
affects a single random byte.

Undetected error rate:

Using the ECC code and the CRC code, ap-
proximately 1.9E-32 undetected erroneous data
events per bit, given the same sector size, raw
error rate, and random distribution and exclud-
ing hardware failures.

IC Operation
General IC Operation

During writes, the NCR 85C20 IC computes
the check bytes (CRC and ECC redundancy bytes) while
the data bytes are being written and then appends the
bytes at the end the data field. For reads, the check bytes
are recomputed and then compared with the check bytes
read from the device. The difference (CRC residue and
ECC remainder bytes, also called syndromes), if any, is
output with the status bytes so that the errors can be
located, evaluated, and corrected by the software
algorithms.

The NCR 85C20 IC has two modes that it oper-
ates in, transparent and listen. For the transparent mode
the NCR 85C20 IC is placed between the data buffer and
the sequencer and functions similar to a transceiver. The
transfer of check bytes and syndromes is isolated from
the data buffer bus thereby allowing multiple sectors of
data to be placed contiguously in the data buffer.

For the listen mode the NCR 85C20 IC, the
data buffer, and the sequencer are all connected to the
same bus. The IC monitors the transfer of the data bytes
and then outputs the check bytes and syndromes at the
appropriate time.

The data field is treated by the NCR 85C20 IC
as two sub-fields, system data followed by control
pointer data. The system data are stored in the data
buffer while the control pointer data, syndromes and sta-
tus may be stored either in the controller’s microproces-
sor memory or in a different area of the data buffer.
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IC Interface

The NCR 85C20 IC’s interface is comprised of
three byte-wide data ports with associated controls, three
input control lines and two output status lines. The three
data ports connect to the buffer, sequencer, and micro-
Processor. '

The buffer port receives data from the data
buffer (during writes) and outputs data to the data buffer
(during reads).

The sequencer port outputs data to the sequen-
cer (during writes) and receives data from the sequencer
(during reads). The sequencer port is not used in the lis-
ten mode.

The microprocessor port is written to by the mi-
croprocessor to configure the IC and may be read to ver-
ify the configuration registers or read the status
registers. The microprocessor port outputs the CRC res-
idue bytes, ECC remainder bytes, and status bytes (and
control pointer bytes, if used) during reads if the
XFR_REM _TO_BFR mode is not used; if the
XFR_REM_TO_BFR mode is used, the buffer port out-
puts the CRC residue bytes, ECC remainder bytes, and
status bytes (and control pointer bytes, if used).

Control Pointer Field

The control pointer field can be zero to thirty-
one bytes in length. It is placed immediately following
the system data and is protected by the CRC code (if
used) and the ECC code. The same port and DMA con-
trols that transfer the syndromes and status bytes also
transfer the control pointer field bytes. Note that the data
byte count does not include control pointer bytes.

FIFO

An internal twelve-byte FIFO is used to pre-
fetch the control pointer bytes during writes and to
buffer the control pointer bytes, syndromes and status
bytes during reads.

Since the FIFO is dynamic, the prefetch of the
control field is delayed until there are sixty-three or
fewer bytes of system data remaining to be written.

Read Mode operation is internally latched until
the FIFO is empty even when the read is completed.
Therefore the FIFO must be fully emptied or the IC reset
prior to the next read or write.
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Transparent/Listen Modes

When used in the transparent mode, the NCR
85C20 IC is interposed between the data buffer and the
sequencer such that all data to and from the sequencer
flows through the IC. During writes, data bytes are input
to the IC from the buffer port, output from the IC to the
sequencer port and the check bytes are calculated. At the
end of the data the check bytes are then output from the
IC to the sequencer port. For reads, the data bytes are in-
put to the IC from the sequencer port, output to the
buffer port and CRC redundancy bytes and ECC redun-
dancy bytes are calculated. During redundancy time the
CRC residue bytes and ECC remainder bytes are formed
as the EXCLUSIVE-OR sum of the CRC/ECC redun-
dancy bytes read and CRC/ECC redundancy bytes cal-
culated from the read data. The CRC residue bytes,
ECC remainder bytes, and status bytes (and control
pointer bytes, if used) are directed to either the micro-
processor port or the buffer port, depending on the se-
lected XFR_ REM_TO_BFR remainder transfer mode.

When used in the listen mode, the data buffer is
connected directly to the sequencer, with the NCR
85C20 IC monitoring data as it flows between the buffer
and sequencer. During writes, data bytes are input from
the buffer port with the CRC redundancy bytes and ECC
redundancy bytes being calculated so that during redun-
dancy time they can be output to the buffer port to be ap-
pended to the data. During reads, data bytes are
similarly monitored and during redundancy time, CRC

residue bytes and ECC remainder bytes are formed as
the EXCLUSIVE-OR sum of the CRC/ECC redundancy
bytes read and CRC/ECC bytes calculated from the read
data. The CRC residue bytes, ECC remainder bytes, and
status bytes (and control pointer bytes, if used) are di-
rected to either the microprocessor port or the buffer
port, depending on the selected XFR_ REM_TO BFR
transfer mode.

Diagnostic Mode

During diagnostic mode writes the NCR 85C20
IC is internally placed in a read mode while externally
the data flows in the same manner as during normal
writes. Thus both the data field and check bytes are
fetched from the data buffer and passed to the sequencer.
When the check bytes are fetched the IC compares them
to the computed values and asserts the ERROR/ output if
a miscompare occurs. If the XFR_REM_TO_BFR mode
is not selected then the syndromes and status bytes (and
control pointer bytes, if used) will also be output to the
MiCroprocessor.

For diagnostic mode reads the NCR 85C20 IC
allows the check bytes to be stored in the data buffer.
During listen mode the only difference is that
CER_GATE is not activated. During transparent mode
all the bytes are passed through the IC to the data buffer.
In all modes except XFR REM_WITH BFR_REQ the
syndromes and status (and control pointer bytes, if used)
are also transferred.

DIAGNOSTIC WRITE

MODE Input to IC

Transp-XFR TO uP
XFR TO BFR
XFR W/BFR_REQ
Listen-XFR TO uP

data,ctrl,chk
data,ctrl,chk
data,ctrl,chk
data,ctrl,chk

Output to SEQ

data,ctrl,chk ctrl,synd,stat
data,ctrl,chk -
data,ctrl,chk -

- ctrl,synd,stat

Output to uP

DIAGNOSTIC READ

XFR TO BFR data,ctrl,chk
MODE Input to IC

Transp-XFR TO pP
XFR TO BFR
XFR W/BFR_REQ
Listen-XFR TO uP
XFR TO BFR

data,ctrl,chk
data,ctrl,chk
data,ctrl,chk
data,ctrl,chk
data,ctrl,chk
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Output to BFR Output to uP

data,ctrl,chk ctrl,synd,stat
data,ctrl,chk ctrl,synd,stat
data,ctrl,chk --
— ctrl,synd,stat
- ctrl,synd,stat
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Companion Software Specifications
Memory Requirements

The companion software used with the NCR
85C20 IC requires from 4K bytes to 10K bytes of mem-
ory, depending on the processor employed in the control-
ler and on correction performance and correction time
requirements. Implementation of extended correction al-
gorithms may require more memory.

Correction Times

Assembly-language companion software is
complete for several processors, including the Z8, 8088,
68HC11, and 68000. Average correction times are given
in the table below. These times assume an architecture

that allows the processor to run at full speed during cor-
rection using memory-mapped remainder and data buff-
ers. If the status bytes output from the IC indicate no
errors are present, the companion software need not be
called. When errors are detected, the total correction
time for a sector consists of the sum of the overhead fig-
ure and the correction times for each interleave.

The correction times specified below assume a
fixed sector size, a fixed number of interleaves, a single
number of ECC redundancy bytes per interleave, and
that no processor registers need be saved/restored. Cor-
rection times will increase depending on the number of
configurations (combinations of sector lengths, numbers
of interleaves, and numbers of ECC redundancy bytes
per interleave) which the correction algorithm must sup-
port.

AVERAGE CORRECTION TIMES (IN MICROSECONDS) PER INTERLEAVE
VS NUMBER OF ERRORS PER INTERLEAVE, OPERATING ON A 512 BYTE,
3 INTERLEAVE SECTOR WITH 16 ECC REDUNDANCY BYTES PER INTERLEAVE

# OF ERRORS 8088 (@8 MHz)1
OVERHEAD4 50
05 6
1 140
2 460
36 1900
4 5300
5 8900
6 11600
7 14500
8 17000

Notes: 1 Measured on 8088-based computer
2 Measured on Z8 development system
3 Measured on 68000-based computer
4 Only those sectors in error incur a time penalty

Z8 (@12 MHz)2 68000 (@8 MHz)3

25 60

15 20
190 120
540 420
3500 3500
4500 4250
8000 6900
10000 9150
12500 11400
15000 13700

5 Only those zero-error interleaves before the last interleave in error incur a time penalty
6 8088 time reflects an available software option which decreases three-error correction time
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Software Verification

DST has verified its proprietary software algo-
rithms with a combination of high-level language and as-
sembly language test routines. Millions of test cases
have been run against the Z8 and 8088 versions of the
software. All cases of one to eight random byte-errors in
an interleave have been corrected properly, and mea-
sured miscorrection probability matches that calculated
for cases of nine or more random byte-errors in an inter-
leave. Software for any new processors will undergo the
same degree of testing.

The traditional steps used to decode a Reed-
Solomon code are listed below:

Compute individual syndromes (or compos-
ite remainder)

Generate error-locator and error-evaluator
polynomials

® Find roots of the error-locator polynomial
Compute error locations as logs of these
roots

Compute error values using the error-
evaluator polynomial

L]
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Algorithms for performing these steps can be
found in most texts on error-correcting codes. However,
the most efficient algorithms are generally proprietary.
DST has developed a proprietary set of particularly effi-
cient algorithms which accomplish error correction by
faster, more direct methods.

The companion software for the NCR 85C20
IC developed by DST implements a proprietary set of
fast algorithms. This software normally resides in the in-
struction memory space of the controller and is executed
by its processor. The assembly-language software is
complete for several processors, including the Z8, 8088,
608HC11, and 68000. DST licenses this software to
NCR 85C20 IC customers.

Electrical Characteristics
DC Characteristics

Absolute Maximum Stress Ratings

Storage temperature -55 +150 °C
Operating temperature 0 +70 °C
Supply voltage -0.3 +7.0 v

Input voltage -0.3 +7.0 v

Operating Ratings

(Min) (Max)

Supply high voltage VDD 4.75 5.25 v

Input high voltage VIH 2.0 Vpp+0.3 v

Input low voltage VIL 0.8 Vss—0.3 v

Output high voltage VoH Vss+2.4 Vpp+0.3 A%

Output low voltage VoL Vgs+0.4 Vss—0.3 \

Output high current IoH —400 rA

(@VOH =24V)
Output low current IoL 2.0 mA
(@VoL = 0.4V)

Input leakage current I -10.0 +10.0 rA
Tristate leakage current ITL -10.0 +10.0 rA
Capacitance of inputs C1 10.0 pF
Capacitance of outputs Co 10.0 pF
Capacitance of tristates Ct 10.0 pF
Pullup current Ipy —600 =50 rA
Supply current IDD 25 mA
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AC Characteristics

Units of all timings are nanoseconds

CLOCK TIMING
cLOCK A I R B
le—1C H—|e——1tc L —>]
- tcLk >
NOT DIVIDE_BY 2 DIVIDE BY 2
Name Description Min Typ Max Min Type Max
tocLK Clock Period 62 31
tcH Clock High 28 14
tcL Clock Low 28 14
BUFFER ACKNOWLEDGE TIMING
CLOCK 1 L ] l 1
Asynchronous Mode '
BFRACK L
tBAS A—>]
Synchronous Mode
BFRACK L [
tBaAss—»] |
Name Description Min Typ Max
tsasa | Buffer ACK Setup (Asynchronous) 20
tsass | Buffer ACK Setup (Synchronous) 25
232
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SEQUENCER/BUFFER REQUEST TIMING

— E—
SEQ_REQ |
BFR_REQ | |
tBRL —>| fe— —»| |=—tBRH
Name Description Min Typ Max
tsRL Buffer REQ Low Delay 30
tBRH Buffer REQ High Delay 30
INPUT FROM BUFFER TIMING (WRITE DATA, LISTEN MODE READ)
T
BFR_ACK J
tspBA
l —>| —»I «—tsaBD
BFR_DATA I T T
tBASA—» | I --l je—1tBASI
SEQ_ACK ] -
tsasv —»l f— | — je—1tBASZ
SEQ_DATA I T —
—> |e—1t8DSD
Name Description Min Typ Max
tspsa | Buffer Data to Buffer ACK Setup 5
tsagp | Buffer ACK to Buffer Data Hold 25
tsasa | Buffer ACK to Seq. ACK Active Delay 30
tsASI Buffer ACK to Seq. ACK Inactive Delay 30
tsasv | Buffer ACK to Seq. Data Valid Delay 40
tsasz | Buffer ACK to Seq. Data High-Z Delay 10 50
tspsp | Buffer Data to Seq. Data Valid Delay 35
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OUTPUT TO BUFFER TIMING
(LISTEN MODE WRITE CHECK, TRANSPARENT READ)

BFR_ACK l |
tspBA—>|
J«—t8ASD
SEQ_DATA [ [ |
| tspep—»] | |
BFR DAIA. — [ | 1
tBADV—| | — je—t8ADZ
Name Description Min Typ Max
tspea | Sequencer Data to Buffer ACK Setup 5
tspep | Sequencer Data to Buffer Data Delay 35
tsasp | Buffer ACK to Sequencer Data Hold 25
tsapv | Buffer ACK to Data Valid Delay 60
tsaApz | Buffer ACK to Data High-Z Delay 10 50
OUTPUT TO BUFFER TIMING (READ CHECK WITH XFR_REM_TO_BFR)
PRC_ACK l |
traBv —| f— —] je—traBZ
BFR_DATA L | ——
Name Description Min Typ Max
tpagv | Processor ACK to Buffer DATA Valid 45
tpaBz | Processor ACK to Buffer DATA High-Z 10 50
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OUTPUT TO SEQUENCER TIMING (TRANSPARENT WRITE CHECK)

SEQ_REQ L |
I

SEQ ACK | |

—>l f— —»| |=—tsRs]

SEQ_DATA | I

tsrsa

tsapy —> | —>| |e—tsapz _E

a3

«» o

o«

Name Description Min Typ Max o
tsrsa | Seq. REQ to Seq. ACK Active Delay 40
tsrsi Seq. REQ to Seq. ACK Inactive Delay 40
tsapv | Seq. ACK to Seq. DATA Valid Delay 65
tsapz | Seq. ACK to Seq. DATA High-Z Delay 10 50

INPUT TO SEQUENCER TIMING
(TRANSPARENT READ CHECK WITH DELAY_SEQ_ACK)

SEQ_REQ L ]
—| je—tsrspD

SEQ_ACK | |
tspas —>| _»l*—
fe—tsapH
SEQ_DATA L j————
Name Description Min Typ Max
tsrsp | Seq. REQ to Delayed Seq. ACK Inactive * *
tspas | Seq. DATA to Seq. ACK Setup 5
tsapH | Seq. ACK to Seq. DATA Hold 25

When using DIVIDE_BY 2: *tgprs| +tcLk **tsprsi +ttcLk *3
Not using DIVIDE_BY _2: *tgrsi +tcLk 0.5 **tsprs) +icLk “1.5
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MICROPROCESSOR REQUEST/ACKNOWLEDGE TIMING

prc R L |

tPARH—>  |e—
PRC_ACK —_I——'
I |
oo oaa —————— 1
PRC_DATA
tPADV —» je— — Je—traDz
PRG b | —
PRC_DATA
tPpAsS—>]
j«—tPADH
Name Description Min Typ Max
trarH | Processor ACK to REQ High Delay 35
tpapv | Processor ACK to Data Valid Delay 65
trapz | Processor ACK to Data High-Z Delay 10 50
tppas | Processor DATA to ACK Active Setup 5
tpapH | Processor ACK to Data High-Z Hold 25
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MICROPROCESSOR I/0 TIMING

PRC CS |
tcscv—s|  |e— | tescv—| | |
PRC_WE L |
— L—tcvcs | — L—tcvcs
PRC RD l f
troweE ——| _ E
je—tweDZ § 2
(=}
PRC_DATA —1 — 1—— &
thpov—»] |
tRPDZ
Name Description Min Typ Max
tcscyv | Chip Select to Command Valid Setup 0
tcvcs | Command Valid to Chip Select Hold 0
tppwe | Processor Data to Write Enable Setup 25
twepz | Write Enable to Proc. Data High-Z Hold 20
trppyv | Read to Processor Data Valid Delay 60
trppz | Read to Processor Data High-Z Delay 10 50
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CONTROL SIGNAL TIMING

BFR ACK L /T LT

tDGS_,l I<_—’I |<—tDGH

DATA GATE | [ [

tRws—>]| |<-—_.| -

RD/WRT [T T
tRaH—> | —>| |e—trGL
CER_GATE [ |
tern—>] |
ERROR [CMCImmm - 7

Name Description Min Typ Max
tbags Data Gate Setup 0

tbGgH Data Gate Hold 15 *x

tRws Read/Write Setup 0

tRWH Read/Write Hold 30

tRGH CRC/ECC Redundancy Gate High Delay 60

tRGL CRC/EDD Redundancy Gate Low Delay 60

tERH Error High Delay 85

* BFR_ACK for the last check byte of a sector.

** DATA_GATE must be deasserted prior to the assertion of BFR_ACK for the last check byte of a sector.
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WRITE: LISTEN MODE

sk | LT L_J LS
CER_GATE ] ]—
orr o ——[] - O O—
\ / _ /
DATA BYTES (CRC)/ECC REDUNDANCY

READ: LISTEN MODE

BFR_ACK T LJ L] 1 J

CER_GATE I 1

n
[
—_—
7=
o
PNo
o
Q.

BFR DATA —_—
WHEN TRANSFERRING REMAINDER/STATUS BYTES TO MICROPROCESSOR PORT

BFR_DATA J | — O-O0—0O-a (I 0O-
WHEN TRANSFERRING REMAINDER/STATUS BYTES TO BUFFER PORT
PRC REQ Ly J J |
PRC_ACK U - L L]
PRC_DATA ) 0 (I O—
WHEN TRANSFERRING REMAINDER/STATUS BYTES TO MICROPROCESSOR PORT

\ / \ / \ -/

DATA BYTES (CRC)/ECC REMAINDER STATUS BYTES
WRITE: TRANSPARENT MODE WITH CONTROL FIELD
s;area L L L L1 L - ud LI
Eo 1] (]
sRAck L] - L
BFR DATA —O——[O—110
seaack L J - J uJ = || LI
m
SEQ DATA 3 L D (I (I () -
\ / \ / \ /
DATA BYTES CONTROL BYTES (CRCYECC REDUNDANCY

PRC REQ |y
PRC REQ Iy |
SEQ DATA -0

CONTROL BYTE PREFETCH TO FIFO
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READ: TRANSPARENT MODE WITH CONTROL FIELD WHEN TRANSFERRING REMAINDER/STATUS BYTES WITH PRC_REQ

s;amea LI L LJ UJ [ uJ

BFR_REQ T L

BFR_ACK LT | -

seaack L | I ) LJ UJ 1

SEQ_DATA _D_‘D - D——D —‘D""—"D

BFR DATA —0[] D

WHEN TRANSFERRING REMAINDER/STATUS BYTES TO MICROPROCESSOR PORT

grr oam — [ J—CO——1—)—C1—OCO—C1—0[-
WHEN TRANSFERRING REMAINDER/STATUS BYTES TO BUFFER PORT
PRC REQ J J Jj - L L LI
PRC ACK L_J L LJ | . L LJ
PRC_DATA O——1—0O—O—0C1
WHEN TRANSFERRING REMAINDER/STATUS BYTES TO MICROPROCESSOR PORT

\ 7 \ J \ /

DATA BYTES CONTROL BYTES (CRC)/ECC REMAINDER STATUS BYTES

READ: TRANSPARENT MODE WHEN TRANSFERRING REMAINDER/STATUS BYTES WITH BFR_REQ

SEQ REQ T | - ) L

BFR_REQ L LJ | - | - |- ) I

BFR ACK

li-tath I L L] - LJ LJ

PRC_ACK

SEQ_ACK L L | L

20 s — F——C—— 01—

BFR_DATA | - l.__l1 D —J D‘—""D—

\ / \ 4 \ /

DATA BYTES (CRC)ECC REDUNDANCY BYTES STATUS BYTES
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Applications

This section defines some of the factors to be
considered and sets forth strategies that can be used in
implementing the NCR 85C20 IC to achieve maximum
performance and error tolerance. The discussion was
written with 5.25 inch optical WORM disk in mind.
However, much of the information is also applicable to
high error rate magnetic media devices.

Extending IC Capability

The NCR 85C20 IC can be used to correct
higher raw error rates if error pointer information is
available from some external source. External pointer
sources include modulation-code run-length violations,
marginal timing, and marginal amplitude. If signal drop-
out is the predominant type of error and if the burst
length distribution shows a high probability of long de-
fects, modulation-code run-length violations can be an
excellent pointer source. When a block-modulation code
is used with byte or nibble boundaries, run-length viola-
tion pointers will accurately identify bytes in error.
When a 2,7-like code is used, a run-length violation
pointer may flag a byte adjacent to the byte in error. This
error location uncertainty can be overcome to some ex-
tent in the decoding algorithms. The capability of the IC
can be extended without external pointers by using error
locations from adjacent interleaves as pointers. Either
method of pointer correction increases software com-
plexity and byte count.

For storage devices, there is a simple method
for transferring pointers from the device to the control-
ler. Implement a special read command that places
pointer flags on the data line (or bus). These flags re-
place data, control pointer, CRC and ECC bytes, but not
gap or framing bytes - these will be transferred as for a
normal read command. When the correction algorithm
encounters an uncorrectable sector, it returns to the call-
ing routine with a flag requesting that pointers be read.
The calling routine executes the special read command
for the required sector and pointer flags are plac