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Late Definition Technologies

Through the use of special late definition technologies, products
can be tailored to meet an exact application after wafer
fabrication is complete. Modifications may be made either by the
Company or in the field by the user. Certain products are also
capable of self-modification based on feedback information.

Embedded Lithium Power Sources:

Dallas Semiconductor has the ability to inte-
grate in a single package, its ultra low power
CMOS circuits and a miniature lithium power
source. Chips designed in this way can accept
change and remember data throughout their
operating life.

Direct Laser Writing:

Lasers provide a low cost means for Dallas
Semiconductor to routinely alter, reconfigure, or
program individual chips after completion of
wafer fabrication. Proprietary software controls
the laser to make each chip unique.

High Energy lon Implantation:

Circuits on nearly finished wafers are defined to
exact customer specifications. Using a million-
volt implanter, wafers are bombarded by a cloud
of super charged ions. The ions penetrate
specific layers of silicon to economically tailor
chips to specific functions.

DALLAS not the only name behind our products . ..

SEMICONDUCTOR
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Corporate Fact Sheet

Dallas Semiconductor designs, manufac-
tures and markets CMOS integrated circuits
using special Late Definition technology.
Late Definition permits the exact definition
of a product to be postponed until end use,
thereby increasing flexibility.

PRODUCTS

Founded February 1, 1984, Dallas Semicon-
ductor has a multi-product strategy to serve
the needs of the computer and communica-
tions industry. Our optimism stems from the
ability to sell “Soft Silicon” which can be
readily tailored to solve the specific prob-
lems of our customers. Soft silicon results
from the Late Definition technologies of lith-
ium, laser, and implant. Lithium postpones
definition until end use, thereby making the
chip adaptive in the system. Laser postpones
definition until just before the chip is placed
in the package, and implant postpones defi-
nition until the last wafer process step.

LITHIUM

Advances in CMOS circuitry have reduced
power requirements to the point that a chip,
using appropriate circuitry, can be packaged
with a miniature lithium energy source
which will last the useful life of the equip-
ment. This allows Dallas Semiconductor to
make chips which don’t forget. Our initial
product offerings exploited this capability to
make the much sought-after nonvolatile
RAM. In November 1984 we began shipping
16K, 64K Nonvolatile SRAMs.

Keeping track of human time has not been an
easy task for computers until our July 1985
announcement of the DS1216 SmartWatch. It
precisely keeps calendar time down to the
hundredth of a second, replacing what here-
tofore consumed a whole printed circuit
board full of electronics. A lithium cell pro-
vides power for life.

The adaptive nature of CMOS/Lithium prod-
ucts is made evident by the April 1987 intro-
duction of the DS5000 Soft Microcontroller.
Designed with change in mind, it offers un-

precedented software adaptability and crash-
proof operation. The capabilities of the Soft
Microcontroller take it beyond mere update
change ‘and into the realm of learning. The
DS5000 can capture a large amount of data
in real time and remember it indefinitely.
With the proper application software, the
microcontroller can improve its performance
based on that cumulative knowledge.

LASER

The laser creates uniqueness on a chip at low
cost. A sub-micron positioning laser and for-
midable control software developed at Dallas
can engrave individual chips with digital pat-
terns making each one different. These after-
the-fact changes to completed circuits give
our laser-based products a competitive edge.

The first product that demonstrated our spe-
cial laser technology was an extremely ac-
curate.time base, commonly referred to as a
delay line. Before the August 1985 announce-
ment date, it had only been possible to build
such devices using a dozen components in a
hybrid assembly. The DS1000 Silicon Delay
Line series is a direct replacement for hybrid
delay lines which are widely used in conjunc-
tion with DRAMs and magnetic disks.

Other products use the laser to protect sen-
sitive information and intellectual property
by creating a powerful security mechanism
in micro chips. The DS1204 Electronic Key is
an example of a product which benefits from
the laser in this regard. Exclusive blank Keys
are defined by laser for each customer, add-
ing to the overall security mechanism. Addi-
tional products are on the drawing board
whereby the laser tailors the option content
of the chip for a particular customer. In
short, the laser lets Dallas Semiconductor
define each chip uniquely after it is already
operational.

IMPLANT

Nearly-finished wafers can be defined to
meet exact customer requirements in a mat-
ter of days with high energy ion implant
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technology. A number of products will be of-
fered with an “Express Delivery Service.”

Difficult system problems have been solved
by relying on these special technologies, ex-
perience, and creativity, to offer our custom-
ers a more complete solution than the chip
alone can provide. Often this requires a
greater emphasis on packaging than tradi-
tional semiconductor producers have been
accustomed. Fifty-one base products were
put into production prior to January 1988,
unified by our own CMOS technology.

MANUFACTURING AND FACILITIES

Dallas Semiconductor manufactures prod-
ucts at a 65,000-square-foot facility, which it
owns, located at the company’s headquarters
in north Dallas. This location includes an ad-
vanced Class One wafer fabrication facility
completed in 1987. Six-inch wafers are pro-
cessed with circuits utilizing sub-micron
geometries. Automated modular process tech-
nology provides substantial flexibility in the
manufacturing process and significantly
reduces the number of people required for
operation, thereby decreasing manufactur-

ing costs. The company’s wafer fabrication
facility contains a 10,000-square-foot clean-
room. The sensitivity of the manufacturing
process to particulates and other contami-
nants requires a highly controlled, clean en-
vironment. All products are shipped from
Dallas after final quality assurance testing.

MARKETING AND SALES

Dallas Semiconductor sells its products to a
large and diverse customer base of both ma-
ture and emerging OEMs in the computer, tele-
communications, instrumentation, and factory
automation markets. The Company coordi-
nates its selling activity from its Dallas, Texas
headquarters. Five area sales offices are
staffed in Marlton, New Jersey; Cupertino,
California; Los Angeles, California; Carmel,
Indiana; and Birmingham, England. The Com-
pany’s five area sales managers call on OEM
accounts and coordinate the activities of 45
sales representative offices in North Amer-
ica and 22 in European countries and Asia.
Dallas Semiconductor also markets its prod-
ucts in North America through a national
stocking distributor and through ten region-
al distributors.
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North American
Sales Offices

Northern California
Cupertino, CA
(408) 973-7850

Southern California
Newport Beach,CA
(714) 646-7219

Indiana
Carmel, IN
(317) 844-5044

New Jersey
Marlton, NJ
(609) 667-7755

Texas
Dallas, TX
(214) 450-0400

European Sales
Office

West Midlands, UK
021-745-8252

International
Distributors

Australia
Alfatron Pty, Ltd.
Victoria

(03) 758-9000

Austria
Hitronik
Vienna

(0222) 824199

Belgium

BETEA
Brussels/Benelux
(02) 736-8050

France

REA

Levallois Perret
758.11.11

Holland
Alcom Electronics

Rotterdam
010 451 95 33

Tekelec Airtronic
Paris
(1) 534.75.92

Hong Kong
Cet, Ltd.
(5) 200922

India

Malhar Corp.
Bangalore
812-564464

Northern Ireland
Bloomer Electronics Ltd.
Craigavon

Co. Armagh

0762 339818

Israel

STG International
Tel Aviv

(3) 248231

Italy

Comprel, S.P.A.
Milan

(02) 612-0641

Tekelec Airtronic
Mameli
(02) 738-0641

Japan

Systems Marketing, Inc.
Tokyo

03-254-2751

Microtek Inc.
Tokyo
03-371-1811

Malaysia
Dynamar Int’l, Ltd.
Singapore
7476188

Portugal
Digicontrole
Lisbon

292.39.24

Scandinavia
Integrerad Elektronik
Komponenter AB
Bromma

08-80 4685

Sweden

Commit Electronics AB
Taby

08 792 3650

Singapore
Dynamar Int’l, Ltd.
65-7476188

South Korea

Vine Overseas Trading
Seoul

(02) 266-1663

Spain
Comelta, S.A.
Madrid

(01) 754-3001

Switzerland

Kontron Electronic AG
Zurich

01/435 4111

Talwan

Landcol Enterprises, L.td.
Taipei

(02) 709-3515

United Kingdom
Joseph Electronics, Ltd.
West Midlands
021-643-6999

Ambar Cascom Ltd.
Bucks
296-434-141

Dialogue Distribution Ltd.
Camberly, Surrey
0276-682001

West Germany

Atlantik Elektronik Gmbh.
Martinsried/Munich

(089) 8 57 2086

Astek Elektronik
Kaltenkirchen

4191-8711

Kontron Halbleiter GmbH
Munich

319 01-377
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North American Sales Representatives

Alabama

Glen White and Associates
Huntsville, AL

(205) 882-6751

California

12, Inc.

Santa Clara, CA
(408) 988-3400

S C Cubed
Tustin, CA
(714) 731-9206

Thousand Oaks, CA
(805) 496-7307

Harvey King, Inc.
San Diego, CA
(619) 587-9300

Canada

Davetek Marketing
Vancouver, BC
(604) 430-3680

Electro-Source, Inc.
Rexdale, Ontario
(416) 675-4490

Nepean, Ontario
(613) 726-1452

Pointe Claire, Quebec
(514) 694-0404

Colorado

Waugaman Associates
Wheat Ridge, CO

(303) 423-1020

Connecticut
Technology Sales, Inc.
Yalesville, CT
(203) 269-8853

Florida

E.L.R,, Inc.
Maitland, FL
(305) 660-9600

Georgia

Glen White and Associates
Norcross, GA

(404) 441-1447

Hlinois

Sumer, Inc.

Rolling Meadows, IL
(312) 991-8500

Indiana

Electronic Sales & Eng.
Indianapolis, IN

(317) 849-4260

lowa

Cabhill, Schmitz and
Howe, Inc.

Cedar Rapids, IA
(319) 377-8219

Kansas

Technical Sales Associates
Olathe, KS

(913) 829-2800

Maryland

Arbotek Associates
Towson, MD

(301) 8250775

Massachusetts
Technology Sales, Inc.
Waltham, MA

(617) 890-5700
Michigan

Giesting & Associates
Farmington Hills, Ml
(313) 478-8106

Minnesota

Cahill, Schmitz & Cabhill, Inc.

St. Paul, MN
(612) 646-7217

Mississippi

Glen White and Associates
Jackson, MS

(601) 856-5411

Missouri

Technical Sales Associates
St. Louis, MO

(314) 521-2044

New Jersey
Sunday O’Brien, Inc.
Haddonfield, NJ
(609) 429-4013

New Mexico
Reptronix, Ltd.
Albuquerque, NM
(505) 292-1718

New York

Advanced Components Corp.,
Inc.

Cicero, NY

(315) 699-2671

S-J Associates
Jamaica, NY
(718) 291-3232

North Carolina

Glen White and Associates
Raleigh, NC

(919) 848-1931

H & A Sales

Raleigh, NC

(919) 846-0082

Ohio

Giesting & Associates
Cincinnati, OH

(513) 385-1105
Giesting & Associates
Cleveland, OH

(216) 261-9705

Giesting & Associates
Dayton, OH
(513) 433-5832

Oklahoma
West Associates
Tulsa, OK

(918) 665-3465

Oregon

Western Technical Sales
Beaverton, OR

(503) 644-8860

Pennsylvania
Giesting & Associates
Pittsburgh, PA
(412) 963-0727

Puerto Rico
Technology Sales
(809) 892-4745

Tennessee

Glen White and Associates
Gray, TN

(615) 477-8850
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Texas

West Associates, Inc.
Austin, TX

(512) 339-6886

West Associates, Inc.
Dallas, TX
(214) 680-2800

West Associates, Inc.
Houston, TX
(713) 621-5983

Utah

Waugaman Associates
Salt Lake City, UT
(801) 261-0802

Washington State
Western Technical Sales
Bellevue, WA

(206) 641-3900

Western Technical Sales
Spokane, WA
(509) 922-7600

Wisconsin
Sumer, Inc.
Brookfield, WI
(414) 784-6641

North American Distributors

Added Value Electronic
Distribution Inc. (AVED)
California
Tustin, CA
(714) 259-8258

Advent Electronics

lowa
Cedar Rapids, IA
(319) 363-0221

Michigan
Farmington Hills, Ml
(313) 477-1650

Almac Electronics

Oregon
Beaverton, OR
(503) 629-8090

Washington
Bellevue, WA
(800) 426-1410

Spokane, WA
(800) 426-1410

Bell Industries

lllinois
Urbana, IL
(217) 328-1077

Indiana
Indianapolis, IN
(317) 875-8200

Ft. Wayne, IN
(219) 423-3422

Michigan
Ann Arbor, Mi
(313) 971-9093
Ohio

Dayton, OH
(513) 435-8660

Future Electronics

Canada
Calgary, Alberta
(403) 235-5325

Edmonton, Alberta
(403) 486-0974

Pointe Claire, Quebec
(514) 694-7710

Ottawa, Ontario
(613) 820-8313

Downsview, Ontario
(416) 638-4771

Vancouver, BC
(604) 294-1166

Hall-Mark Electronics

Alabama
Huntsville, AL
(205) 837-8700

Arizona
Phoenix, AZ
(602) 437-1200

California
Canoga Park, CA
(818) 716-7300

Citrus Heights, CA
(916) 722-8600

Torrance, CA
(213) 643-9101

San Diego, CA
(619) 268-1201

San Jose, CA
(408) 432-0900

Tustin, CA
(714) 669-4700

Colorado
Englewood, CO
(303) 790-1662

Connecticut
Wallingford, CT
(203) 269-0100

Florida
Clearwater, FL
(813) 530-4543

Orlando, FL
(305) 855-4020

Pompano Beach, FL
(305) 9719280

Georgia
Norcross, GA
(404) 447-8000

Hiinois
Woodale, IL
(312) 860-3800
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Indiana
Indianapolis, IN
(317) 872-8875
Kansas

Lenexa, KS
(913) 888-4747

Maryland
Columbia, MD
(301) 988-9800

Massachusetts
Billerica, MA
(617) 935-9777

Minnesota
Eden Plains, MN
(612) 941-2600

Missouri
Earth City, MO
(314) 291-5350

North Carolina
Raleigh, NC
(919) 872-0712 .

New Jersey -
Fairfield, NJ
(201) 575-4415

Mt. Laurel, NJ
(609) 235-1900

New York
Ronkonkoma, NY
(516) 737-0600

Ohio
Solon, OH
(216) 349-4632

Worthington, OH
(614) 888-3313
Oklahoma
Tulsa, OK
(918) 665-3200
Texas
Austin, TX
(512) 258-8848
Dallas, TX
(214) 553-4300
Houston, TX
(713) 781-6100

Utah
Murray, UT
(801) 972-1008

Wisconsin
New Berlin, Wi
(414) 797-7844

Industrial Components

Minnesota
Minneapolis, MN
(612) 831-2666

Insight Electronics

Arizona
Tempe, AZ

(602) 829-1800
California

San Diego, CA
(619) 587-0471
Costa Mesa, CA
(714) 556-6890

Augora Hills, CA
(818) 707-2100

Milgray Electronics

Connecticut
Orange, CT
(203) 795-0711

New Jersey
Marlton, NJ
(609) 983-5010

Florida
Winter Park, FL
(305) 647-5747

Georgia
Atlanta, GA
(404) 393-9666

Illinois
Bensenville, IL
(312) 350-0490

Kansas
Overland Park, KS
(913) 236-8800 -

Maryland
Columbia, MD
(301) 621-8169

New England
Wilmington, MA
(617) 657-5900
New York
Farmingdale, NY
(516) 420-9800

Rochester, NY
(716) 235-0830
Ohio

Cleveland, OH
(216) 447-1520

Texas
Dallas, TX
(214) 248-1603

Canada
Willowdale, Ontario

Quality Components

Alabama
Huntsville, AL
(205) 830-1881
Georgia
Norcross, GA
(404) 449-9508

North Carolina
Raleigh, NC
(919) 876-7767

Oklahoma
Tulsa, OK
(918) 664-8812
Texas
Addison, TX
(214) 733-4300
Austin, TX
(512) 835-0220
Sugarland, TX
(713) 240-2255

Western Microtechnology

Arizona
Scottsdale, AZ
(602) 948-4240
California

Cupertino, CA
(408) 725-1660
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Oregon
Beaverton, OR
(503) 629-2082

Washington
Redmond, WA
(206) 881-6737

Wyle Laboratories

Arizona
Phoenix, AZ
(602) 866-2888

California
Calabasas, CA
(818) 880-9000

Irvine, CA
(714) 863-9953

Rancho Cordova, CA
(916) 638-5282

San Diego, CA

(619) 565-9171

Santa Clara, CA
(408) 727-2500

Colorado
Thornton, CO
(303) 457-9953

Oregon
Hillsboro, OR
(503) 640-6000

Texas
Austin, TX
(512) 834-9957

Dallas, TX
(214) 235-9953

Houston, TX
(713) 879-9953

Utah
Salt Lake City, UT
(801) 974-9953

Washington
Bellevue, WA
(206) 453-8300
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PRODUCT OVERVIEW

Silicon Timed Circuits

Electronic systems require exact timing to control
the transmission of data between their component
parts. Timing requirements vary across systems.
Historically, systems designers have notbeen able to
use semiconductors as timing references because of
their lack of precision; they consequently achieved
the required accuracy by using, in combination,
quartz crystals and hybrid passive components,
known as delay lines. All silicon delay lines offer
single chip reliability, economy and significantly
greater precision due to their laser-defined specifica-
tions. Directlaser writing provides precise accuracy
and, because the products are defined in the final
stage of manufacturing, a broad product mix is
available withoutlosing the economic benefits of
standard integrated circuit production. Customers
are provided maximum flexibility, as well as the
option of purchasing tailor-made products at the
approximate cost of standard, off-the-shelf solutions.
These all silicon products can be retrofitted into
existing systems which otherwise utilize hybrid
approaches as well as designed into new systems.

DS10005 TAP Delay Line
DS101010 TAP Delay Line
DS10133in 1 Delay Line
DS1007 7in 1Delay Line

Multiport Memory

The existence of many different data transmission
rates and standards has created a problem in
transporting data among different systems. A
receiving system may be too slow to keep up with
data sent from another system. First In, First Out
(FIFO) memories are capable of providing the
necessary elasticity between different data rates.

DS2009512x 9 FIFO

DS2010 1Kx 9 FIFO

DS2011 2Kx 9 FIFO

DS20124Kx 9 FIFO

DS2015 4 x 64 Quadport Serial RAM
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Microcontroller

The DS5000 Soft Microcontroller stays up-to-date
because it was designed for change. Unlike rigid
ROM or EPROM based microcontrollers, all of the
Soft Microcontroller memory is high performance,
read/write, and nonvolatile for more than ten years.
The DS5000 is equipped with 32K bytes of nonvola-
tile SRAM which can be dynamically partitioned to fit-
program and data storage requirements of a particu-
lartask. As aresult of sophisticated crashproofing
circuitry, processing of a task can resume aftera
power outage. A built-in encrypter prevents un-
authorized access to resident application software.
The pinout and instruction set match the industry
standard 8051 microcontroller. Additional information
is available in a special publication called the Soft
Microcontroller User Guide. The DS5000K evalu-
ationkitincludes a sample DS5000, documentation,
in-system loader hardware and DOS compatible
software for use with a personal computer.

Nonvolatile SRAM

SRAMS have always had the undesirable character-
istic of data loss when power is disrupted. Dallas
Semiconductor has combined its knowledge of ultra
low power CMOS SRAMSs with improvements in long
life embedded lithium power sources todevelop a
family of Nonvolatile SRAMs. Nonvolatile SRAMs
integrate a lithium power source andintelligent
control circuitry to retain data even in the absence of
system power. The control circuit, by monitoring the
level of system voltage available to the memory at all
times, switches to the lithium power source when
necessary, and also protects the memory contents
against inadvertent change during system power
fluctuatuions. A lithium power source provides
backup power for more than 10 years in the absence
of system power. Nonvolatile SRAMs are packaged
tofit into existing sockets and can replace other
widely used memory devices.These products
perform better in many applications than EEPROMs,
EPROMs, or shadow RAMs because they provide
unlimited data write cycles, safeguard against
corrupted data and write data in as fast as 70 ns.
DS1220 2K x 8 24 pin Nonvolatile SRAM

DS1225 8K x 8 28 pin Nonvolatile SRAM

DS1230 32K x 8 28 pin Nonvolatile SRAM
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Intelligent Sockets

Often, after a design is complete, the manufacturer
may desire to enhance functionality because of
increased competition from newer products. The
equipment manufacturer is forced either to avoid
adding features or design a new system. Dallas
Semiconductor has incorporated active electronics in
connectors which can be plugged into a system and
add capabilities without requiring substantive
changes in the existing system. For example, many
systems manufacturers desire the capability to make
RAMs in existing systems nonvolatile. In this
instance, they can unplug a memory circuitin a
system currently in use, plug the SmartSocket into
that space, and plug the memory circuit into the
SmartSocket. Another example is a requirementin
many existing systems to monitor and record time of
day. The SmartWatch plugs into existing systems
and keeps time of day to hundredths of a second
while also making memory circuits nonvolatile.

DS1213 SmartSocket - makes CMOS RAM
nonvolatile

DS1216 SmartWatch - adds the ability to time stamp
anddate events

DS1264 LCA SmartSocket - maintains logic in the
absence of power

TimeKeeping

Systems benefit by knowing the time-of-day, but the
use of this feature has been limited by its expense
and high component count. A self-contained lithium
energy source in conjunction with a silicon chip and
quartz forma permanently powered clock/calendar
within a single component. The DS1287 Real Time
replaces 20 parts used in the IBM AT and PS/2
compatible computers including an MC146818 Real
Time Clock plus RAM. ’

DS1215 TimeChip
DS1287 Real Time
DS1286 WatchDog:
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User Insertable Memory

Manufacturers of equipment often wish to facilitate
user configuration of their standard products. In
many instances, userinsertable solid state memories
offer distinctadvantages over alternative media, such
as magnetic tape ordisk. Such memories, however,
demand specialized packaging capable of withstand-
ing harsher environmental conditions than those
normally encountered by semiconductor memory
circuits. A family of Nonvolatile SRAMs has been
specifically developed to address this application
sector. These products range in density from 1024
bits to 32,000,000 bits, the largest of which replaces
rotating memory subsystems in certain personal
computer systems.

DS1201 1Kbit Electronic Tag

DS1217Aupto 256K bit Nonvolatile Read/Write
Cartridge

DS1217Mup to 4Mbit Nonvolatile Read/Write
Cartridge

DS6010P.C. Port

DS9020 Cartridge Clip

Security Products

In aninformation age, there is an increasing demand
to provide security for intellectual property and other
data beyond legal measures currently available.
Prominent examples are publishers and authors of
premium-priced personal computer software who
have strong motivation to protect their products from
unauthorized use. Software based copy protection
systems interfere with the need to make legitimate
backup copies or execution from hard disks. The
Electronic Key is a postage stamp-sized package
that is distributed with each software package sold
and must be present whenever users want to use the
software. This same principle can be applied to
controlling access to buildings, automobiles and
other equipment.

DS1204 Electronic Key
DS1207 Time Key
DS1255 Key Ring

‘DS1255C Evaluation Kitfor IBMP.C.
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Integrated Battery Backup

Microprocessor based systems lose information
when affected by a loss of power. When system
power is resumed, the task that was being performed
at the time of power loss must be re-started. Unin-
teruptible power supplies have historically been
provided as relatively expensive, bulky, external
units. A solution to this problem is necessitated in
industrial automation applications and in systems
which are located in remote sites or otherwise
difficult to reprogram when information is lost. The
Integrated Battery Backup consists of a three part
chip set which operates in three steps. First, the
Power Monitor warns a microprocessor of an
impending power failure before it happens, providing
time for critical data to be stored in nonvolatile
memory before system power is lost. Second, the
Nonvolatile Controller/Decoder converts RAM into
nonvolatile memories and safeguards against RAM
dataloss during power up and down transients, by
automatically switching to battery power when
system power failure occurs. Third, the SmartBattery
supplies uninterruptible power in the absence of
system power to maintain data in nonvolatile mem-
ory.

DS1210 Single RAM Controller

DS1221 Four RAM Controller

DS1211 Eight RAM Controller

DS1212 Sixteen RAM Controller

DS1234 Conditional RAM controller

DS1231 Power Monitor _
DS1260 Smart Battery

DS1259 Battery Manager

System Extension

These CMOS products extend the usefulness of
systems without encumbering design. The Micro
Monitor acts as a “watchdog” for system malfunction
by checking the three mostimportant indicators of
correct microprocessor operation - power supply,
software execution and override push-button. Ifit
detects a problem, the MicroMonitor shuts down the
system, then resets it for correct operation. The
Eliminator replaces the equivalentofan 8 or 16
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station manual DIP switch, thus eliminating burden-
some hand setting of mechanical switches. Five volt
powered RS232transceivers are available in both
dual and triple versions. The same five volt supply
that powers logic generates RS232 voltage levels.

DS1232 MicroMonitor

DS1290/91 Eliminator, 8-Station
DS1292/93 Eliminator, 16-Station -
DS1206 Phantom Interface

DS1223 Configurator

DS1222 Bank Switch

DS232/DS1228 RS232 Transceiver, Dual
DS1229 RS232 Transceiver, Triple

SipStiks™

Systems snap together with SipStik sub-assemblies
from Dallas Semiconductor. SipStiks are leadless
carriers of components with high silicon content
using JEDEC standard configurations. Theirlow
profile form factor permits high density yet offers the
advantages of modularity. These major building
blocks are pretested and ready for final assembly
into a planar motherboard fitted with AMP MicroEdge
connectors as required by a particular application.

DS2217 SRAM SipStik
DS2209 DRAM SipStik
DS2250 Soft Micro SipStik
DS2245Modem SipStik

Wireless Products

Portable DS1201 Electronic Tags, DS1204 Keys, or
DS5000 Soft Microcontrollers can communicate with
apersonal computer using CMOS Micropower
Receiver/2 to 3 Wire Converter chips and a base RF
Communicator. The chips contain wake-up circuitry,
amplifiers, filters, timing generators, waveform
interpreters, formating and controllogic necessary to
form a bi-directional 5 foot link between portable
units and bases. The ultra low power consumption of
the chips enable a single 3 volt lithium energy cell to
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be a permanant source of power for receiving,
storing, and transmitting data.

DS1203 MicroPower Receiver
DS1209 2 to 3 Wire Converter
DS1280 Bytewide to 3 Wire Converter
DS6068 RF Communicator

Modem

These Miniature components comply with FCC part
68 registration. The DS6101 Modem is bell 212A
compatible (1200/300 bps) with DTMF generation/
detection, audio mode operation, and advanced line
monitoring functions. The DS6103 Modem provides
voice synthesis. The DS6112 Data Access Arrange-
ment (DAA) which is included in the Modems above
is available as a stand alone interface to the public
switch telephone network. DS6151/6153 are Modem
evaluation kits that demonstrate the Modem on the
IBM/PC/XT/AT.

Telecommunications

An emerging and rapidly growing market exists for
high capacity voice, data and video transmission.
High capacity digital links in North America and
Europe are known as T-1and CEPT, respectively.
Circuits designed for these protocols can substan-
tially shorten the time required for OEMs to develop
products that access these networks and can reduce
systems sizes. A comprehensive chip set developed
by Dallas Semiconductor addresses the require-
ments of these protocols and includes an integrated
circuit that doubles the capacity of existing voice
communication links through digital signal processing
compression techniques. Complete product specifi-
cations available in a supplemental telecommunica-
tion data book.

DS2180 Transceiver, T1

DS2181 Transceiver, CEPT

DS2175 Transmit/Receive Elastic Store

DS2176 Receive Elastic Store

DS2186 Transmit Line Interface

DS2187 Receive Line Interface

DS2190 Network Interface Unit

DS2167 ADPCM Processor

DS2157 Compression Array
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Silicon Timed Circuits
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@ Dallas Semiconductor DS1000 14 Pin DIP
= 5 TAP Silicon Delay Line DS1000M 8 Pin DIP

DS1000S 16 Pin SOIC

FEATURES PIN CONNECTIONS
« Al silicon time delay N[ ~ e W[ ~ e
N.C
* 5 TAPS equally spaced. B e el 7 e
Ne[] s 12wt a3 6w s
e Delays are stable and precise ™ 2[4 1 e ono[ ] 4 5w s
N.C
o Both leading and trailing edge accuracy s o w3
TAP 4[ 6 9 :INC
e Standard 14 pin DIP, 8 pin MINI-DIP, ano[ |7 8 Jues
or 16 pin SOIC
INCJ|4 16[]Vee
N.C.Cl2 15[ NC
® Delay tolerance +/- 5% Ne.|s 140 ne
AP 2114 130 TAP 1
NC.Ol5 123 NC
e Economical TAP 4 [le 1MO71AP 3
N.C. |7 10%::13, 5
9
® Auto-insertable onoLle
o Low power CMOS PIN NAMES
e TTL compatible TAP 1-TAP 5 - TAP Output Number

Vce - +5 Volts

GND -Ground

NC - No Connection
IN - Input

DESCRIPTION

The DS1000 Series Delay Lines have five  The DS1000 Series Delay Lines provide a
equally spaced TAPS providing delays from  nominal accuracy of +/-5% or +/- 2 ns, which
10nsto 500 ns. These devices areofferedin  ever is greater. The DS1000 Delay Line
astandard 14 pin DIP, which is pincompatible  reproduces the input logic level at the output
with hybrid delay lines. Alternatively 8 pin  after a fixed delay as specified by the dash
MINI-DIPS and surface mount packages are  number extension of the part number. The
available which saves P.C. board area. Since  DS1000 is designed to reproduce both leading
the DS1000 series is an all silicon solution,  and trailing edge with equal precision. Each

better economy is achieved when compared  TAP is capable of driving up to ten 74LS type
to older methods using hybrid techniques. loads.
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FIGURE 1: LOGIC DIAGRAM
TAP1 TAP 2 TAP 3 TAP 4 TAP 5
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TABLE 1: PART NUMBER DELAY TABLE (,,,,t,,)

PART NO. TAP 1 TAP2 TAP3 TAP4 TAPS
DS1000-50 10ns 20ns 30ns 40ns 50ns

DS1000-60 12ns 24ns 36ns 48ns 60ns

DS1000-75 15ns 30ns 45ns 60ns 75ns

DS1000-100 20ns 40ns 60ns 80ns 100ns
DS1000-125 25ns 50ns 75ns 100ns 125ns
DS1000-150 30ns 60ns 90ns 120ns 150ns
DS1000-175 35ns 70ns 105ns 140ns 175ns
DS1000-200 40ns 80ns 120ns 160ns 200ns
DS1000-250 50ns 100ns 150ns 200ns 250ns
DS1000-500 100ns 200ns 300ns 400ns 500ns

ABSOLUTE MAXIMUM RATINGS* ‘
Voltage on a pin to ground:-1.0Vto + 7.0V *This is a stress rating only and functional

Operating temperature:  0°C to 70°C operation of the device at these or any other
Storage temperature: -65°C to + 125°C conditions above those indicated in the opera-
Soldering - tion sections of this. specification is not im-
temperature: 260°C for 10 seconds plied. Exposure to absolute maximum rating
Short circuit output current: 50mA for 1 conditions for extended periods of time may
second affect reliability.
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FIGURE 2: TIMING DIAGRAM SILICON DELAY LINE

Rise
ViH
2.4V 2.4v
1.5v .

IN Y 0.6v

teaLL

PERIOD

1.5v

t

- t
PLH

- 'y — >ty

TAP

Terminology

Period The time elapsed between the leading
- edge of the first pulse and the leading edge of
the following pulse.
t, (Pulse Width) The elapsed time on the
pulse between the 1.5V point on the leading
edge and the 1.5V point on the trailing edge or
the 1.5V point on the trailing edge and the 1.5V
point on the leading edge.
tase (Input Rise Time) The elapsed time be-
tween the 20% and the 80% point on the
leading edge of the input pulse.
tea (Input Fall Time) The elapsed time be-
tween the 80% and the 20% point on the railing
edge of the input pulse.
t,, (Time Delay, Rising) The elapsed time
between the 1.5V point on the leading edge of
the input pulse and the 1.5V point on the
leading edge of any TAP output pulse.

to (Time Delay, Falling) The elapsed time
between the 1.5V point on the trailing edge of
the input pulse and the 1.5V point on the
trailing edge of any TAP output pulse.

Notes

1.)All voltages are referenced to ground.

2.)Measured with outputs open,
minimum period.

3.)Vec=5V @25°C Delays accurate on both
rising and falling edges within +/- 2 ns, or
5%.

4.)See Test Conditions (following page).
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT

PULSE
GENERATOR

START

DEVICE UNDER TEST

Test Setup Description

Figure 3 illustrates the hardware configuration
used for measuring the timing parameters on
the DS1000. The input waveform is produced
by a precision pulse generator under software
control. Time delays are measured by a time
interval counter (20 ps resolution) connected
between the input and each TAP. Each TAP
is selected and connected to the counter by a
VHF switch control unit.

The measurement setup is calibrated by TDR
(time domain reflectometry) techniques. All
measurements are fully automated, with each
instrument controlled by a central computer
over an |EEE 488 bus.

P 4
20=50_n_ % AL
= TIME
INTERVAL
COUNTER
)
o STOP
.\O\O————“ )
3__________,,,__._0 TIP (TIME INTERVAL PROBE)
0//0
VHF_SWITCH
CONTROL UNIT

Test Conditions

Input:

Ambient Temperature: 25°C+/-3°C

Supply Voltage (Vec): 5.0V+/-0.1V

Input Pulse: High = 3.0V+/-0.1V
Low = 0.0V+/-0.1V

Source Impedancc: 50 ((Max.

Rise and FAIll Time: 3.0 ns Max.

(measured between 0.6V and 2.4V)

Pulse Width = 500 ns

Period= 1us

Note:

Above conditions are for test only and do not
restrictthe operation ofthe device under other
conditions.

Output:

Each output is loaded with a 74F04. Delay is
measured at the 1.5V level on the rising and
falling edge.

Zo= 5af)

MEASURING
O DEVICE
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D.C. ELECTRICAL CHARACTERISTICS

(0°C to 70°C, Ve = 5.0V +/- 5%)

PARAMETER | SYMBOL| TEST MIN TYP MAX | UNITS | NOTES
COND.
Supply Voltage | Vecc 4.75 5.00 525 | V 1
High Level Vi 2.2 5.5 \' 1
Input Voltage
LowLevel Vi -0.5 08 |V 1
Input Voltage
InputLeakage | |, 0.0V=VIi£Vee | -1.0 1.0 uA
Current
Active Current | | Vee= Max; 350 | mA
Period= Min.
High Level Iy Vce= Min. 1.0 mA
Output Current Vou=2.4V
LowLevel lo Vee= Min. 12.0 mA
Output Current Vo= 0.5V
A.C. ELECTRICAL CHARACTERISTICS (T,= 25°C, Vec=5V+/- 5%)
PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
Input Pulse Width tw 40% of
TAP 5 ns
Input to TAP delay ton note 3 Table1 | note3 ns 4
(leading edge) :
Input to TAP Delay ton note 3 Table1 | note3 ns 4
(trailing edge)
Period 4(t,) ns
CAPACITANCE (T,=25°C)
PARAMETER SYMBOL MIN | TYP MAX UNITS | NOTES
Input Capacitance Cy 5 10 pF
Output Capacitance Cor 5 10 pF
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SILICON DELAY LINE

DS1000
14 Pin DIP DIM. INCHES
MIN. MAX.
A 0.740 0.780
B 0.240 0.260
c 0.120 0.140
D 0.290 0.310
E 0.020 0.040
— = - F 0.110 0.130
T G 0.090 0.110
,) ¥ H 0.300 0.350
l J 0.008 0.012
LI IJL I T I J17
) K 0.015 0.021
-« p———————» L 0.040 0.060
M 0.370 0.420
0.160 0.180
STANDARD

L
mro

11!
]

N

-

K |::| G I
Loscf;;jcesf __,l

0.100+ .010 TNA H

GULLWING
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SILICON DELAY LINE
DS1000M
8 Pin DIP

1 ririr

—/

f-—————— A —

e
NEE

3 Equal Spaces
At .100 TNA

- INCHES
MIN. MAX.
A 0.360 0.400
B 0.240 0.260
c 0.120 0.140
D ~0.290 0.310
E 0.020 0.040
F 0.110 0.130
G 0.090 0.110
H 0.300 0.350
J 0.008 0.012
K 0.015 0.021
L 0.040 0.060
M 0.370 0.420
N 0.160 0.180

STANDARD
—||——

-

GULLWING

L _.|~L
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SILICON DELAY LINE
DS1000S
16 Pin SOIC

i

«HHHHHHHH:

’HHHHHHHH“
o 5 B —]

lag—— O ——{

¥ -1 |

INCHES
DIM.
MIN. MAX.
A 403 411
B .290 .296
C .089 .095
D 325 .330
E .008 012
F .097 105
G 046 .054
H 402 410
J .006 011
K 013 019
-y B >'
f‘z j( >1. F
D —] |
H |
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ni Dallas Semiconductor
» 5 Tap Silicon Delay Line

DS1005 14 Pin DIP
DS1005M 8 Pin DIP
DS1005S 16 Pin SOIC

FEATURES
® Al silicon time delay

* 5 TAPS equally spaced. Delay
tolerance +/- 2 ns

Stable and precise over temperature
and voltage range

Leading and trailing edge accuracy

Standard 14 pin DIP, 8 pin MINI-DIP,
or 16 pin SOIC

e Auto-insertable
« Low power CMOS

e TTL compatible

DESCRIPTION

The DS1005 Delay Line Product Family pro-
vides five equally spaced TAPS with delays
ranging from 10 ns to 500 ns, with an accuracy
of +/- 2 ns. These devices are offered in a
standard 14 pin DIP, compatible with existing
delay line products. A space saving 8 pin
MINI-DIP is also available. The 14 pin DIP,
the 8 pin MINI-DIP, and SOIC packaging are
available in a surface mountable “gullwing”
construction. Since the DS1005 is an all

PIN CONNECTIONS
IN E 1 ~ 14 ]/cc INI: 1 ~ 8 :IVcc
Ne[] 2 13 jnc ™ 2[ |2 7 [ Jme
Ne[ ] s 12 Jwe 1 a3 6 Jme s
™ 2[4 1 Ine ono[ | 4 5[ Jwmes
ne[]s 10 [ e 3
TAP 4|: 6 9 :lNc
ono[ |7 8 Jup s
IN[HH 16[1Vee
N.C.|2 15INC
Nne.Ols 147 NC
TAP 2|4 13 TAP 1
ne.Ols 12[INC
"ol  lepwe
PIN NAMES enClls s 5
TAP 1-TAP 5 - TAP Output Number
Vce - +5 Volts
GND -Ground
NC - No Connection
IN - Input

silicon solution, better economy andreliability
are achieved when compared to older meth-
ods using hybrid technology. The DS1005
Delay Line reproduces the input logic level at
each TAP after the fixed delay specified by
the “dash number” in Table 1. The device is
designed to produce both the leading and
trailing edge delays with equal precision.
Each TAP is capable of driving up to ten 74LS
loads.
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FIGURE 1: LOGIC DIAGRAM
TAP1 TAP 2 TAP 3 TAP 4 TAP 5

o oottt

TABLE 1 PART NUMBER DELAY TABLE (t,,,, tp,)

PART NO. TAP 1 TAP2 TAP3 TAP4 TAPS
DS1005-50" | 10ns 20ns 30ns 40ns 50ns
DS1005-60* | 12ns 24ns 36ns 48ns 60ns
DS1005-75" | 15ns 30ns 45ns 60ns 75ns
DS1005-100 | 20ns 40ns 60ns 80ns 100ns
DS1005-125 | 25ns 50ns 75ns 100ns 125ns
DS1005-150 | 30ns 60ns 90ns 120ns 150ns
DS1005-175 | 35ns 70ns 105ns 140ns 175ns
DS1005-200 | 40ns 80ns 120ns 160ns 200ns
DS1005-250 | 50ns 100ns 150ns 200ns 250ns
DS1005-500 | 100ns 200ns 300ns 400ns 500ns

*Consult Dallas Semiconductor for availability

ABSOLUTE MAXIMUM RATINGS*

Voltage on a pin to ground: -1.0Vto + 7.0V
Operating temperature: 0°C to 70°C

Storage temperature: -55°C to + 125°C
Soldering temperature: 260°C for 10 seconds
Short circuit output current: 50mA for 1 second

This is a stress rating only and functional not implied. Exposure to absolute maximum
operation of the device at these or any other  rating conditions for extended periods
conditions above those indicated in the of time may affect reliability.

operation sections of this specification is




FIGURE 2: TIMING DIAGRAM- SILICON DELAY LINE

0.6V.
IN VlL 7 0.6v g(‘

! RISE —— ] e tFALL
g
ViH
2.4v 2.4v
Z 1.5v 1.5V 1.5v

PERIOD >

f—————————— TPLH

TAP

Terminology

Period The time elapsed between the leading
edge of the first pulse and the leading edge of
the following pulse.

ty (Pulse Width) The elapsed time on the
pulse between the 1.5V point on the leading
edge andthe 1.5V pointon the trailing edge or
the 1.5V point on the trailing edge and the 1.5V
point on the leading edge.

tase (Input Rise Time) The elapsed time be-
tween the 20% and the 80% point on the
leading edge of the input pulse.

tea (Input Fall Time) The elapsed time be-
tween the 80% and the 20% point on the
trailing edge of the input pulse.

t.., (Time Delay, Rising) The elapsed time
between the 1.5V point on the leading edge of
the input pulse and the 1.5V point on the
leading edge of any TAP output pulse.

g ‘Wl —_———— ty

- oy

1.5v 1.5v

to (Time Delay, Falling) The elapsed time
between the 1.5V point on the trailing edge of
the input pulse and the 1.5V point on the
trailing edge of any TAP output pulse.

Notes

1.) All voltages are referenced to ground.

2.) Measured with outputs open, minimum
period.

3.) Vee=5V @25°C Delays accurate on both
rising and falling edges within +/- 2 ns.

4.) See Test Conditions (following page).

5.) The combination of temperature vari
ations between 0°C and 70°C and voltage
variations between 4.75 volts and 5.25
volts produce a worst case delay shift of
+/- 5%.
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT
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Test Setup Description

Figure 3 illustrates the hardware configuration
used for measuring the timing parameters on
the DS1005. The inputwaveform is produced
by a precision pulse generator under software
control. Time delays are measured by a time
interval counter (20 ps resolution) connected
between the input and each TAP. Each TAP
is selected and connected to the counter by a
VHF switch control unit.

The measurement setup is calibrated by TDR
(time domain reflectometry) techniques. All
measurements are fully automated, with each
instrument controlled by a central computer
over an |IEEE 488 bus.

VHF SWITCH
CONTROL UNIT

Test Conditions

Input:

Ambient Temperature: 25°C+/-3°C

Supply Voltage (Vce): 5.0V+/-0.1V

Input Pulse: High = 3.0V+/-0.1V

Low = 0.0V+/-0.1V

Source Impedancc: 501 Max.

Rise and FAIll Time: 3.0 ns Max.

(measured between 0.6V and 2.4V)

Pulse Width = 500 ns

Period= 1us

Note:

Above conditions are for test only and do not
restrictthe operation of the device under other
conditions.

Output:

Each output is loaded with a 74F04. Delay is
measured at the 1.5V level on the rising and
falling edge.

74F04 Zo= 50}

O > - gEEcS'CléRING
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D.C. ELECTRICAL CHARACTERISTICS

(0°C to 70°C, Vee = 5.0V +/- 5%)

PARAMETER | SYMBOL| TEST MIN. | TYP.| MAX. | UNITS| NOTES
COND.
Supply Voltage | Vce 475 | 500 | 525 |V 1
High Level Vi 22 55 |V 1
Input Voltage
Low Level Vi -0.5 08 |V 1
Input Voltage
inputLeakage | |, 0.0\ VizVee -1.0 10 | uA
Current
Active Current | I Vce= Max; 400 | 700 imA |2
Period= Min.
High Level I Vce= Min. 1.0 mA
Output Current Vou=2.4V
Low Level o Vee=Min 12.0 mA
Output Current V=0.5V
A.C. ELECTRICAL CHARACTERISTICS (T,= 25°C, Vec=5V+/- 5%)
PARAMETER ISYMBOL, MIN. TYP. MAX. | UNITS NOTES
Input Pulse Width | t, 40%0fTAPS ns
Input to TAP delay | t,,, note 3 Table 1 | note3| ns 4,5
(leading edge) :
Input to TAP Delay| t,, note 3 Table1 | note3| ns 4,5
(trailing edge)
Period | 4 (tWI) ns
CAPACITANCE (T,=25°C)
PARAMETER SYMBOL MIN. | TYP.| MAX.| UNITS NOTES
Input Capacitance Cy 5 10 | pF
Output Capacitance | C,, 5 10 pF
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Silicon Delay Line

DS1005
14 Pin DIP DIV INCHES
MIN. MAX.
A 0.740 0.780
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.020 0.040
AMAmMmrrrir = 0.110 0130
G 0.090 0.110
) 8 H 0.300 0.350
J 0.008 0.012
OO0 dTT K 0.015 0.021
_1__ , 0.040 0.060
’ M 0.370 0.420
N 0.160 0.180
STANDARD
D
[ \ ¥ I
N B
'ﬂ_ —|-—
N A
Koy =
o 558 Spocer ,
GULLWING
L rf
j = i
4
'4—— M ——————»I
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Silicon Delay Line
DS1005M
8 Pin Mini-DIP

11 rri

-———— A ——————

=i

Al

3 Equal Spaces
At .100 TNA

—>L|<—-

DIM. INCHES

MIN. MAX.
A 0.360 0.400
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.020 0.040
F 0.110 0.130
G 0.090 0.110
H 0.300 0.350
J 0.008 0.012
K 0.015 0.021
L 0.040 0.060
M 0.370 0.420
N 0.160 0.180

STANDARD

D -

S

GULLWING

1
JIL L
P
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Silicon Delay Line
DS1005S
16 Pin SOIC

HEHHBHHE
g,

—L—

INCHES
DIM.
MIN. MAX.

A .403 411

B .290 .296

c .089 .095

D .325 .330

E .008 012

F .097 .105

c .046 .054

H .402 .410

J .006 011

K 013 019

le
' F
4
I "

——,
x|
ol
T
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The DS1007 Delay Line provides seven inde-
pendent delay times which are set by Dallas
Semiconductor to the customer’s specifica-
tion. The delay times can be set from 3 ns to
20 ns with an accuracy of +/- 2 ns at room
temperature. The device is offered in both a
16 pin DIP and a 16 pin SOIC. Since the

ﬂi Dallas Semiconductor PRELIMINARY
» 7 In 1 Silicon Delay Line DS1007 16 Pin DIP
DS1007S 16 Pin SOIC
FEATURES PIN CONNECTIONS
» All silicon time delay 7 Hi
) UK 16 :||N3 o:::E . :: 305“
. IN. IN4
« 7 independent logic buffered delays outi[ ]2 15[ Jouts ou‘r:E oo %OW
IN2|: 3 14 :lIN4 vee[]|5 12[]JoND
e Accuracy of +/- 2 ns @ 25°C our2[ 4 . Doun ou':':E 3 ! ; g;t:w
* Four delays can be custom set between vee[]5 r2[Jeo "R 8 joere
3nsand 7 ns IN5[ | 6 1| Jour7
® Three delays can be custom set between oL} 7 o dns
8 ns and 20 ns e[ |s o[ Joure
® Leading edge precision
* Auto-insertable 16 pin DIP
® Surface mount 16 pin SOIC
PIN NAMES
e Low power CMOS
IN1 - IN7 - Inputs
Out1- Out7 - Outputs
*TTL tibl P
compatlble GND -Ground
Vee - +5 Volts
DESCRIPTION

DS1007 is an all silicon solution, better econ-
omy and reliability are achieved when com-
pared to older methods using hybrid technol-
ogy. The DS1007 reproduces the input logic
level at the output after the fixed delay as
specified by the customer specification.
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FIGURE 1: LOGIC DIAGRAM

out

INPUT PULSE WIDTH > 100% OF DELAY

TABLE 1: PART NUMBER DELAY TABLE (g tey)

INPUT NO. OUTPUT DELAY
INPUT 1 3ns-7ns

INPUT 2 3ns-7ns

INPUT 3 3ns-7ns

INPUT 4 3ns-7ns

INPUT 5 8ns-20ns

INPUT 6 8ns-20ns

INPUT 7 8ns-20ns

Absolute Maximum Ratings*
Voltage on any pin to

ground: -1.0Vto + 7.0V ‘ This is a stress rating only, and functional
Operating temperature: 0°C° to 70°C operation of the device at these or any other
Storage temperature: -55°C to + 125°C conditions above those indicated in the opera-
Soldering tion sections of this specification is not im-
temperature: 260°C for 10 seconds plied. Exposure to absolute maximum rating
Short circuit output current: 50mA for 1 conditions for extended periods of time may
second affect reliability.
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FIGURE 2: TIMING DIAGRAM SILICON DELAY LINE

PERIOD >
trisE ——» a——tFALL
lt——
Vin
1.5V
o.ov Y] VN
Ny, 7 0.6V Y 7
| tw| -4 tWI

TAP

Terminology

Period The time elapsed between the leading
edge of the first pulse and the leading edge of
the following pulse.

tw (Pulse Width) The elapsed time on the
pulse between the 1.5V point on the leading
edge and the 1.5V pointon the trailing edge or
the 1.5V point on the trailing edge and the 1.5V
point on the leading edge.

tase (Input Rise Time) The elapsed time be-
tween the 20% and the 80% point on the
Ieading edge of the input pulse.

te.. (Input Fall Time) The elapsed time be-
tween the 80% and the 20% point on the
trailing edge of the input pulse.

1.8v 1.5v

t.., (Time Delay, Rising) The elapsed time
between the 1.5V point on the leading edge of
the input pulse and the 1.5V point on the
leading edge of any TAP output pulse.

Notes

1.) All voltages are referenced to ground.

2.) Measured with outputs open, minimum
period.

3.) Vee=5V @25°C Delays accurate on rising
edges within +/- 2 ns.

4.) See Test Conditions (following page).
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT

TIME
INTERVAL
COUNTER

TIP (TIME INTERVAL PROBE)

PULSE
GENERATOR
START
a—
zo=s00 % e
1
1
| |\ sToP
[ | -
7 7
VHF SWITCH
CONTROL UNIT
DEVICE UNDER TEST
Test Setup Description

Figure 3 illustrates the hardware configuration
used for measuring the timing parameters on
the DS1007. The inputwaveformis produced
by a precision pulse generator under software
control. Time delays are measured by a time
interval counter (20 ps resolution) connected
between the input and each TAP. Each TAP
is selected and connected to the counter by a
VHF switch control unit.

The measurement setup is calibrated by TDR
(time domain reflectometry) techniques. All
measurements are fully automated, with each
instrument controlled by a central computer
over an |EEE 488 bus.

Test Conditions
Input:
Ambient Temperature: 25°C+/-3°C
Supply Voltage (Vcc): 5.0V4+/-0.1V
Input Pulse: High = 3.0V+/-0.1V
Low = 0.0V4+/-0.1V
Source Impedancc: 50 NMax.
Rise and FAIl Time: 3.0 ns Max.
(measured between 0.6V and 2.4V)
Pulse Width = 100ns
Period=200ns
Note:
Above conditions are for test only and do not
restrictthe operation of the device under other
conditions.
Output:
Each output is loaded with a 74F04. Delay is
measured at the 1.5V level on the rising,
edge.

74F04 Zo= 50N

MEASURING
NG DEVICE
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D.C. ELECTRICAL CHARACTERISTICS

(0°C to 70°C, Vce = 5.0V+/- 5%)

PARAMETER | SYMBOL| TEST MIN TYP MAX | UNITS | NOTES
COND.
Supply Voltage | Vce 4.75 5.00 525 | V 1
High Level Vi 22 55 \ 1
Input Voltage
LowLevel Vi -0.5 08 \Y 1
Input Voltage
InputLeakage | |, 0.0v=Vi=Veec | -1.0 1.0 UA
Current
Active Current | |, Vee= Max; 400 | 700 | mA 2
Period= Min.
High Level I Vce= Min. 1.0 mA
Output Current V=24V
Low Level I Vee= Min. 1.0 mA
Output Current Vo= 0.5V
A.C. ELECTRICAL CHARACTERISTICS (T,= 25°C, Vcc=5V+/- 5%)
PARAMETER SYMBOL | MIN TYP MAX | i‘UNlTS NOTES
Input Pulse Width tw 100% ns
Input to Output o note 3 note 3 ns 4
(leading edge)
Period | 3(t,) ns
CAPACITANCE (T,=25°C)
PARAMETER SYMBOL MIN | TYP MAX UNITS | NOTES
Input Capacitance Cu 5 10 pF
Output Capacitance Cor 5 10 pF

50




SILICON DELAY LINE
DS1007
16 Pin DIP

16 9
O racraran

| p—P>

1L_II_II_IL_JL_II_IL_JLIa

fe————— >

DIM. INCHES

MIN. MAX.
A 0.740 0.780
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.020 0.040
F 0.110 0.130
G 0.090 0.110
H 0.300 0.350
J 0.008 0.012
K 0.015 0.021

‘4——— 7 Equal Spaces
@ 0.100+ .010 TNA
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SILICON DELAY LINE

DS1007S
16 Pin SOIC

Ao

HHHHHHAHA

HHHHHHHE

I 7 EQUAL SPACES '

© .050 + .004 TNA

ﬁr T

INCHES
DIM.
MIN. MAX.
A 403 AN
B .290 .296
C .089 .095
D 325 .330
E .008 012
F .097 105
G .046 .054
H .402 410
J .006 .on
K 013 .019
¥ Rt
%TF ‘
D
Lr ] '
| ” |
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@ Dallas Semiconductor
= 10 TAP Silicon Delay Line

DS1010 14 Pin DIP
DS1010S 16 Pin SOIC

FEATURES

Al silicon time delay 10 TAPS
equally spaced

Delays are stable and precise

Leading and trailing edge accuracy

e Standard 14 pin DIP or 16 pin SOIC
* Delay tolerance +/- 5%

e Economical

e Auto-insertable

e Low power CMOS

e TTL compatible

PIN CONNECTIONS
V,
IN |j 14 Dvcc N"SE ; :g % r?g
N.C.[J 147AP 1
ne. [] 13[0me 1 0 T s (7AP 3
TAP 4 12
w2 [] 2w s o GE . H%KE?
TAp4E 1 DTAPS AP 8[{7 10[07AP 9
GRD []|8 9 [I71aP 10
TAP 6 10 [ Jme 7
TAP 8 E 6 9 :ITAP 9
ero [ 7 8| Jme 10
PIN NAMES
TAP1-TAP10 - TAP Output Number
Vce - 5 Volts
GND - Ground
NC - No Connection
IN - Input

DESCRIPTION

The DS1010 Series Delay Line has ten equally
spaced TAPS providing delays from 10 ns to
500 ns. The devices are offeredin a standard
14 pin DIP which is pin compatible with hybrid
delay lines. Alternatively, a 16 pin SOIC is
available for surface mount technology which
reduces P.C. board area. Since the DS1010
Series Delay Line is an all silicon solution,
better economy is achieved when compared
to older methods of using hybrid techniques.

The DS1010 Series Delay Lines provide a
nominal accuracy of +/- 5% or +/- 2 ns, which
ever is greater. The DS1010 Delay Line
reproduces the input logic level at the output
after a fixed delay as specified by the dash
number extension of the part number. The
DS1010 is designed to produce both leading
and trailing edge with equal precision. Each
TAP is capable of driving up to ten 74LS type
loads.
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FIGURE 1: LOGIC DIAGRAM

TAP 9 TAP 10

TAPY TAP 2
IN
——DO—-( 10% 10% 10% }__Jﬁ—-( 10% 10%

TABLE 1: PART NUMBER DELAY TABLE (t,,,, t;,,)

CATALOG TOTAL
P/N DELAY

DELAY/TAP
(NS)

DS1010-100 100

10

DS1010-150 150

16

DS1010-200 200

20

DS1010-250 250

25

DS1010-300 300

30

DS1010-350 350

35

DS1010-400 400

40

DS1010-500 500

50

Absolute Maximum Ratings*
Voltage on any pin

to ground: -1.0Vto + 7.0V

Operating temperature: 0°C to 70°C
Storage temperature: -55°C to + 125°C
Soldering

temperature: 260°C for 10 seconds
Short circuit output

current: 50mA for 1 second

*This is a stress rating only, and functional
operation of the device at these or any other
conditions above those indicated in the opera-
tion ‘sections of this specification is not im-
plied. Exposure to absolute maximum rating
conditions for extended periods of time may
affect reliability.
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FIGURE 2: TIMING DIAGRAM-SILICON DELAY LINE

PERIOD >

' RISE ——— e FALL
[
ViH R
2.4v 2.4v
1.5V A / 1.5v

OGVZ

IN VIL 7 0.6v X(

I —— IPLH

TAP

Terminology

Period The time elapsed between the leading
edge of the first pulse and the leading edge of
the following pulse.

ty (Pulse Width) The elapsed time on the
pulse between the 1.5V point on the leading
edge and the 1.5V point on the trailing edge or
the 1.5V point on the trailing edge and the 1.5V
point on the leading edge.

tase (Input Rise Time) The elapsed time be-
tween the 20% and the 80% point on the
leading edge of the input pulse.

tea (Input Fall Time) The elapsed time be-
tween the 80% and the 20% point on the
trailing edge of the input pulse.

tou, (Time Delay, Rising) The elapsed time
between the 1.5V point on the leading edge of
the input pulse and the 1.5V point on the
leading edge of any TAP output pulse.

toy (Time Delay, Falling) The elapsed time
between the 1.5V point on the trailing edge of
the input pulse and the 1.5V point on the
trailing edge of any TAP output pulse.

Notes

1.) All voltages are referenced to ground.

2.) Measured with outputs open, minimum
period.

3.) Vee=5V @25°C Delays accurate on both
rising and falling edges within +/- 2 ns,or
5%.

4.) See Test Conditions (following page).
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT

cehbkfor

START
=K S

Co

STOP

BHH%H&

N

DEVICE UNDER TEST

Test Setup Description

Figure 3 illustrates the hardware configuration
used for measuring the timing parameters on
the DS1010. Theinputwaveformis produced
by a precision pulse generator under software
control. Time delays are measured by a time
interval counter (20 ps resolution) connected
between the input and each TAP. Each TAP
is selected and connected to the counter by a
VHF switch control unit.

The measurement setup is calibrated by TDR
(time domain reflectometry) techniques. All
measurements are fully automated, with each
instrument controlled by a central computer
over an |IEEE 488 bus.

74F04

TAP

BRI Gk

Test Conditions
Input:
Ambient Temperature: 25°C+/-3°
Supply Voltage (Vec): 5.0V+/-0.1V
Input Pulse: High=3.0V+/-0.1V

Low = 0.0V+/-0.1V
Source Impedancc: 50NMax.
Rise and FAIl Time: 3.0 ns Max.
(measured between 0.6V and 2.4V)
Pulse Width = 500 ns
Period= 1us
Note:
Above conditions are for test only and do not
restrictthe operation of the device under other
conditions.
Output:
Each output is loaded with a 74F04. delay is
measured at the 1.5V level on the rising and
falling edge.

Zo= 50f)
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D.C. ELECTRICAL CHARACTERISTICS (0°C to 70°C,Vce= 5.0V +/- 5%)

PARAMETER [SYMBOL | TEST MIN. | TYP.| MAX.| UNITS | NOTES
COND.

Supply Voltage Vee 475 | 5,00 | 525 |V 1

High Level Vi 22 55 |V 1

Input Voltage

Low Level Vi -0.5 08 |V 1

Input Voltage

InputLeakage I 0.0V -1.0 1.0 | uA

Current

Active Current loc Vec=Max: 400 | 750 | mA 2

Period=Min.

High Level I Vee=Min. 1.0 mA

Output Current Vo =2.4V

Low Level lo Vee=Min. 12.0 mA

Output Current Vo =0.5V
A.C ELECTRICAL CHARACTERISTICS (T,= 25°C, Vce= 5V +/- 5%)

PARAMETER SYMBOL MIN. TYP. MAX. UNITS | NOTES

Input Pulse Width tw 30% of ns

TAP 10

Input to TAP Delay o note 3 Table1 | note3 ns 4

(leading edge)

Input to TAP Delay tor note 3 Table1 | note3 ns 4

(trailing edge)

Period 3t ns

CAPACITANCE (T,= 25°C)

PARAMETER SYMBOL MIN. TYP. | MAX. UNITS | NOTES

Input Capacitance CIN 5 10 pF

Output Capacitance CouT 5 10 pF
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Silicon Delay Line

14 Pin DIP om, | INCHES
MIN. MAX.
A 0.740 0.780
B 0.240 0.260
c 0.120 0.140
D 0.290 0.310
E 0.020 0.040
F 0.110 0.130
MO e G 0.090 9.110
T H 0.300 0.350
D 8 J 0.008 0.012
l K 0.015 0.021
1 L 0.040 0.060
- p M 0.370 0.420
N 0.160 0.180
STANDARD
/ T s
(o
R
7[_T
_YF
P “‘_:.' G —|——y —>
L 6 Equal Spaces —I‘
©® 0.100+ .010 TNA H
GULLWING

I
= |
]
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Silicon Delay Line
DS1010S
16 Pin SOIC

o A
HHHHAHHH A

EEERLLE
iz

INCHES
DIM.
MIN. MAX.
A 403 AN
B .290 .296
C .089 095
D 325 .330
E .008 .012
F .097 105
G 046 054
H .402 410
J .006 o
K 013 .019
I‘ ’ ‘!
:[/_( F
N '
| " i
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ni Dallas Semiconductor
» 3 In 1 Silicon Delay Line

DS1013 14 Pin DIP
DS1013M 8 Pin DIP
DS1013S 16 Pin SOIC

FEATURES
e All silicon time delay

e Delay tolerance +/- 2 ns

e Leading and trailing edge accuracy ono [

e Standard 14 pin DIP, 8 pin MINI-DIP or
16 pin SOIC

e Auto-insertable
e Low power CMOS

¢ TTL compatible

DESCRIPTION

The DS1013 Series of Delay Lines has three
independent logic buffered delays in a single
package. The devices are offered in a stan-
dard 14 pin DIP which is pin compatible with
hybrid delay lines. Alternatively 8 pin MINI-
DIPS and surface mount packages are avail-
able which saves P.C. board area. Since the
DS1013 Series is an all silicon solution, better
economy is achieved when comparedto older
methods of using hybrid techniques. The

N1
3 independent logic buffered delays NC ]
IN2 []
Ne [

o Stable and precise over temperature N3 [ ]
and voltage range ne [

PIN CONNECTIONS

e 14chc N1 [T] 1 ~ 8| Vee

2 BN w2 7 ount

3 2o ws[] s 6] oum2

4 e oNo[] 4 5[] ous

5 10{ ] our2

N W

7 8[ ] ours NeOB 120G
IN2Gla 138 0un
NCHB  12ENC
wee R

hts 9 P ours

PIN NAMES

IN1, IN2, IN3 - Inputs

Out1, Out2, Out3 - Outputs

GND -Ground

Vce - +5 Volts

DS1013 Series Delay Lines provide a nominal
accuracy of +/- 2 ns for delay times ranging
from 10 ns to 100 ns. The DS1013 Delay line
reproduces the input logic level at the output
after a fixed delay as specified by the dash
number extension of the part number. The
DS1013 is designed to reproduce both leading
and trailing edges with equal precision. Each
output is capable of driving up to ten 74LS type
loads.
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FIGURE 1: LOGIC DIAGRAM

IN1 ouTt IN2 ouT2 IN3 out3s

TABLE 1: PART NUMBER DELAY TABLE (T,,., Top0)

PART NO. DELAY PER OUTPUT (ns)
DS1013-10 10/10/10
DS1013-15 15/15/16
DS1013-20 20/20/20
DS1013-25 25/25/25
DS1013-30 30/30/30
DS1013-40 40/40/40
DS1013-50 50/50/50
DS1013-60 60/60/60
DS1013-70 70/70/70
DS1013-75 75/75/75
DS1013-80 80/80/80
DS1013-90 90/90/90
DS1013-100 100/100/100

Absolute Maximum Ratings*
Voltage on any pin

to ground: -1.0Vto + 7.0V This is a stress rating only, and functional
Operating temperature: 0°C to 70°C operation of the device at these or any other
Storage temperature: -55°C to + 125°C conditions above those indicated in the opera-
Soldering tion sections of this specification is not im-
temperature: 260°C for 10 seconds plied. Exposure to absolute maximum rating
Short circuit output conditions for extended periods of time may
current: 50mA for 1 second affect reliability.
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FIGURE 2: TIMING DIAGRAM-SILICON DELAY LINE

trALL

PERIOD

1.5v

[ J—— f—
lt——
ViH 2.4V 2.4v
N oev N
Vi / 0. K
t
[ ] -

TAP

Terminology

Period The time elapsed between the leading
edge of the first pulse and the leading edge of
the following pulse.

ty, (Pulse Width) The elapsed time on the
pulse between the 1.5V point on the leading
edge andthe 1.5V pointon the trailing edge or
the 1.5V point on the trailing edge and the 1.5V
point on the leading edge.

tase (Input Rise Time) The elapsed time be-
tween the 20% and the 80% point on the
leading edge of the input pulse.

teay (Input Fall Time) The elapsed time be-
tween the 80% and the 20% point on the
trailing edge of the input pulse.

ty (time Delay, Rising) The elapsed time
between the 1.5V point on the leading edge of
the input pulse and the 1.5V point on the
leading edge of any TAP output pulse.

t.,. (Time Delay, Falling) The elapsed time

1.5v

between the 1.5V point on the trailing edge of
the input pulse and the 1.5V point on the
trailing edge of any TAP output pulse.

Notes

1.) All voltages are referenced to ground.

2.) Measured with outputs open, minimum
period

3.) Vee=5V @25°C Delays accurate on
both rising and falling edges within
+/- 2 ns. ,

4.) See Test Conditions (following page).

5.) The combination of temperature variations
between 0° C and 70° C and voltage
variations between 4.75 volts and 5.25
volts produce a worst case delay shift of
+/- 5%.
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT

PULSE
GENERATOR

START
INTERVAL

COUNTER

STOP

Test Setup Description

Figure 3 illustrates the hardware configuration
used for measuring the timing parameters on
the DS1013. The inputwaveformis produced
by a precision pulse generator under software
control. Time delays are measured by a time
interval counter (20 ps resolution) connected
between the input and each TAP. Each TAP
is selected and connected to the counter by a
VHF switch control unit.

The measurement setup is calibrated by TDR
(time domain reflectometry) techniques. All
measurements are fully automated, with each
instrument controlled by a central computer
over an IEEE 488 bus.

TAP

74F04

Test Conditions

Input:

Ambient Temperature: 25°C+/-3°C
Supply Voltage (Vce): 5.0V4+/-0.1V
Input Pulse: High = 3.0V+/-0.1V
Low = 0.0V+/-0.1V

Source Impedancc: 501 Max.
Rise and Fall Time: 3.0 ns Max.
(measured between 0.6V and 2.4V)
Pulse Width = 500 ns

Period= 1us

Note:

Above conditions are for test only and do not
restrictthe operation of the device under other
conditions.

Output:

Each output is loaded with a 74F04. Delay is
measured at the 1.5V level on the rising and
falling edge.

Zo= 50f)

) Dt
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D.C. ELECTRICAL CHARACTERISTICS

(0°C to 70°C,Vec= 5.0V+/- 5%)

PARAMETER | SYMBOL | TEST MIN.| TYP. | MAX.| UNITS| NOTES
COND.
Supply Voltage| V. 475)| 500 | 5256 | V 1
High Level Vi 22 5.5 \' 1
Input Voltage
Low Level Vi -0.5 0.8 \' 1
Input Voltage
InputLeakage | |, 0.0V -1.0 1.0 uA
Current
Active Current | | Vo= Max 40 70 mA 2
Period= Min.
High Level I Vo= Min. 1.0 ~mA
Output Current Vou=2.4V
Low Level I Ve=Min 12.0 mA
Output Current Vg =0.5V
A.C ELECTRICAL CHARACTERISTICS (T,= 25°C, Vee=5.0V+/-5%)
PARAMETER SYMBOL | MIN. TYP. MAX. | UNITS NOTES
Input Pulse Width tw 100% | t,, ns
Input to TAP Delay ton ‘note3 | Table1 | note3| ns 45
(leading edge)
Input to TAP Delay tor note3 | Table1 | note3| ns 45
(trailing edge)
Period 3(ty) ns
CAPACITANCE (t,=25°C)
PARAMETER SYMBOL | MIN. | TYP. | MAX. |UNITS NOTES
Input Capacitance Cu 5 10 pF
Output Capacitance | C,, 5 10 pF
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Silicon Delay Line

DS1013
14 Pin DIP INGHES
DIM.
MIN. MAX.
A 0.740 0.780
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.020 0.040
ArAmmamrir F 0.110 0.130
T G 0.090 0.110
) 8 H 0.300 0.350
l J 0.008 0.012
N N N I I O B K 0.015 0.021
;___ — 5 L 0.040 0.060
! M 0.370 0.420
N 0.160 0.180
STANDARD
D
[ \ T l
i
7r—r— —-—
| LI

L —

@ 0.100+ .010 TNA

GULLWING

lie=ny

T
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Silicon Delay Line

DS1013M
8 Pin DIP INCHES
DIM.
MIN. MAX.
A 360 400
B 240 260
M rri1ri1ri
c 120 140
1 D 290 310
) 8 E 020 040
l F 110 130
G 090 110
A I I I
e« A — & H 300 350
J .008 012
K 015 021
STANDARD

AL

3 Equal Spaces i
At .100 %A >

LT

| 415" _—..l

-

=

050"

—
=
R

GULLWING

i

70"
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Silicon Delay Line
DS1013S

16 Pin SOIC o INCHES
‘ MIN. MAX.
| . .
nluNie AR
HHHHHHHA N
E .008 012
F 097 105
6 .046 054
H .402 410
J .006 .01
HHHHHHHH K 013 019

7 Equal Spac
@ .050 + 004
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@ Dallas Semiconductor

¥ Constant Density Data Separator

PRODUCT PREVIEW
- DS1015

FEATURES

* Synthesizes data and clock for constant
density data recording

® Twoindependent voltage controlled
oscillators

* Digitally controlled frequency synthesized
delay line

* High resolution frequency synthesized
VCO

* Programmable phase - frequency detector
with full 20 MHZ dynamic range VCO

* High speed balanced charge pump

e Zero phase startup provides fast and
predictable lock acquistion

® Integrated crystal oscillator

Multiple voltage supply pins for isolation of

frequency sensitive inputs and digital out-

puts

+5 volt operation

Low power CMOS

TTL compatable

Surface mount PLCC

DESCRIPTION

The DS1015 constant density data separator
performs data synchronization of encoded
data from rotating media. The DS1015 con-
tains a high performance phase-frequency
synthesizer for read data synchronization and
adigital controlled frequency which is used to
set the amount of delay time of a variable
delay line. The combination of these ele-
ments produce a precisely timed data and
clock signal at the output of the self adjusting
data separator.

The DS1015 uses advanced CMOS circuits
and design techniques to produce the precise
timing syncronization required while operating
from a single +5 volt supply at extremely low
power consumption. The DS1015is available
in a 28 pin PLCC package.

PIN CONNECTIONS

»INHIBT
«{]DR1
N[TSELECT
~[]DATA IN
BIJFCLK
N[ xTAL1
[xTAL2

o
N
3

] R SELECT
[ vee
] vee
A
18
c
o

SEL PHASE
GND

CAP2
CAP1
Vot
VCO1
DELAY OUT

PIN NAMES

Vee = +5 volts

GND = Ground

A - H = Digital Frequency Control Inputs
R SELECT = Digital Frequency Control
Enable

XTAL1 = Crystal Oscillator Input
XTAL2 = Crystal Oscillator Output
INHIBIT = Phase Detector Inhibit

VCO1 = Voltage Controlled Oscillator 1
Output

VCOT = Voltage Controlled Oscillator 1
Output

VCO2 = Voltage Controlled Oscillator 2
Output

FCLK = Clock Frequency Input

DATA IN = Data Input

SELECT = Select Data or FCLK

SEL PHASE = Select VCO1 or VCO1
CAP1 = VCOT1 Filter

DR1 = VCO1 Dynamic Range Adjustmnt
SYNC DATA = Syncrnized Data Output
DELAY OUT = Delay Line Output
CAP2 = VCO2 Filter
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ﬂi Dallas Semiconductor

*512x 9 FIFO DS2009
FEATURES PIN CONNECTIONS
® First-in, first-out memory based - .
architecture o 2 5 D2 e
* Flexible 512 x 9 organization b3 3 H 26 D5
D2 4 O ] 25 D6
e Low power HCMOS technology D1 50O M 24 D7
. D0 6 [ 1 23 FLAT
* Asynchronous and simultaneous X 70 pswog P 22 S
read/write F s O 5 21 EF
e ; i ati Q0 9 [ 1 20 XO/RF
e Bidirectional applications a1 100 D e ar
¢ Fully expandable by word width or Q@2 11O 18 Q6
depth Q3 12 O 0 17 a5
Q8 13 [ b 16 Q4
e Empty and full warning flags GND 14 [ 5 15 R
¢ Half-full flag capability in single-device
mode
« Ret it bilit PIN NAMES
etransmit capability W - WRITE
* High performance R - READ
e Available in 35ns, 50ns, 65ns and 80ns RS - RESET
access times FL/RT - First Load/Retransmit
¢ Industrial temperature range —40°C to Do-s - Dataln
+85°C available designated IND Qp-8 - Data Out
Xi - Expansion In
XOIHF - Expansion Out/Half Full
FF - Full Flag
EF - Empty Flag
Vcc - 5 Volts
GND - Ground

DESCRIPTION

The DS2009 implements a First-In, First-Out algorithm, featuring asynchronous read/write
operations, full, empty and half-full flags, and unlimited expansion capability in both word
size and depth. The DS2009 is functionally and electrically equivalent to the DS2011 2K x 9
FIFO with the following exceptions: active current (Icc1) is 80 mA max except for 35ns
device which is 100 mA max and power-down current (Icc3) is 500 uA max. Refer to the
DS2011 data sheet for detailed device description.
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¥ 1024 x 9 FIFO DS2010
FEATURES PIN CONNECTIONS
e First-in, first-out memory based
architecture W o o1de N2 Voo
* Flexible 1024 x 9 organization bs  2Q 127 D4
D3 30 [ 26 D5
* Low power HCMOS technology D2 45 25 D6
. D1 5 ] 24 D7
* Asynchronous and simultaneous Y= 25 ELAT
read/write X 70 psaoto EZQ S
* Bidirectional applications FFo8Q P21 B
Qo 9 [ [] 20 XO/HF
* Fully expandable by word width or Q1 10 019 Q7
depth Q2 110 18 Q6
. Q3 12 ] 17 Q5
e Empty and full warning flags Q8 13 16 Q4
e Half-full flag capability in single-device GND 14 ps R
mode
¢ Retransmit capability
¢ High performance
e Available in 35ns, 50ns, 65ns and 80ns PIN NAMES
access times \LV - WRITE
¢ Industrial temperature range ~40°C to B_ - READ
+85°C available designated IND RS - RESET
FL/RT - First Load/Retransmit
Do.g - Dataln
Qp.8 - Data Out
Xi - Expansion In
XO/HF - Expansion Out/Half Full
T=_—F - Full Flag
EF - Empty Flag
Vcc - 5 Volts
GND - Ground

DESCRIPTION

The DS2010 implements a First-In, First-Out algorithm, featuring asynchronous read/write
operations, full, empty and half-full flags, and unlimited expansion capability in both word
size and depth. The DS2010 is functionally and electrically equivalent to the DS2011 2K x 9
FIFO with the following exception: power-down current (Icc3) is 1 mA max. Refer to the
DS2011 data sheet for detailed device description.
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* 2048 x 9 FIFO DS2011
FEATURES PIN CONNECTIONS
¢ First-in, first-out memory based
architecture W 10 128 Vgo
* Flexible 2043 x 9 organization be 2T B
¢ Low power HCMOS technology D2 4 [ 125 D6
D1 5 O [124 D7
* Asynchronous and simultaneous Do 60O 23 FURT
read/write X 70 pson p22 RS
* Bidirectional applications ;Z 2 E g 2(1, i—Z,H—F
e Fully expandable by word width or Q110 O p 1o a
depth @z 1 g p 18
Q3 12 H 17 Q5
e Empty and full warning flags @ 13 [ q 16 Q4
e s . GND 14 15 R
¢ Half-full flag capability in single-device
mode
* Retransmit capability PIN NAMES
¢ High performance w - WRITE
¢ Available in 35ns, 50ns, 65ns and 80ns R - READ
access times RS - RESET
e Industrial temperature range —40°C to FL/RT - First Load/Retransmit
+85°C available designated IND Dp-8 - Dataln
Qo g - Data Out
Xi - Expansion In
XO/HF - Expansion Out/Half Full
FF - Full Flag
EF - Empty Flag

Vcc - 5 Volts
GND - Ground

DESCRIPTION

The DS2011 implements a First-In, First-Out algorithm, featuring asynchronous read/write
operations, full, empty and half-full flags, and unlimited expansion capability in both word
size and depth. The main application of the DS2011 is as a rate buffer, sourcing and absorb-
ing data at different rates (e.g., interfacing fast processors and slow peripherals). The full
and empty flags are provided to prevent data overflow and underflow. A half-full flag is
available in the single-device and width-expansion configurations. The data is loaded and
emptied on a First-In, First-Out (FIFO) basis, and the latency for the retrieval of data is ap-
proximately one load cycle (write). Since the WRITEs and READs are internally sequential,
thereby requiring no address information, the pinout definition will serve this and future
higher-density devices. The ninth bit is provided to support control or parity functions.
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OPERATION

Unlike conventional shift register based FIFOs, the DS2011 employs a memory-based ar-
chitecture wherein a byte written into the device does not ‘“‘ripple-through.” Instead, a byte
written into the DS2011 is stored at a specific location, where it remains until over-written.
The byte can be read and re-read as often as desired.

Twin address pointers (ring counters) automatically generate the addresses required for
each write and read operation. The empty/full flag circuit prevents illogical operations, such
as reading un-written bytes (reading while empty) or over-writing un-read bytes (writing while
full). Once a byte stored at a given address has been read, it can be over-written.

Address pointers automatically loop back to address zero after reaching address 2047. The
empty/full status of the FIFO is therefore a function of the distance between the pointers,
not of their absolute location. As long as the pointers do not catch one another, the FIFO can
be written and read continuously without ever becoming full or empty.

Resetting the FIFO simply resets the address pointers to address zero. Pulsing retransmit
resets the read address pointer without affecting the write address pointer.

With conventional FIFOs, implementation of a larger FIFO is accomplished by cascading
the individual FIFOs. The penalty of cascading is often unacceptable ripple-through delays.
The DS2011 allows implementation of very large FIFOs with no timing penalties. The mem-
ory-based architecture of the DS2011 allows connecting the read, write, data in, and data out
lines of the DS2011 in parallel. The write and read control circuits of the individual FIFOs are
then automatically enabled and disabled through the expansion-in and expansion-out pins,
as appropriate (see the Expansion Timing section for a more complete discussion).

BLOCK DIAGRAM Figure 1
9 9

Do-Dg * l =a —Qp-Qg
»| INPUT [ ouTPUT
BUFFER | BUFFER |
WRITE READ
_ WRITE 2048x 9 READ « 7
W P CONTROL | ADDRESS [P MemORY ARRAY | ADDRESS CONTROL R
POINTER POINTER
X I 3 A
*»
FLAG LOGIC
FF - L P EF
+ Y ¢
_ EXPANSION LOGIC
xn 3 XO/HF
A

>

B | RESETIRETRANSMIT | FLRT

LOGIC
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SINGLE DEVICE CONFIGURATION

A single DS2011 may be used when application requirements are for 2048 words or less. The
DS2011 is placed in Single Device Configuration mode when the chip is Reset with the Ex-
pansion In pin (XI) grounded (see Figure 2).

WIDTH EXPANSION

Word width may be increased simply by connecting the corresponding input control signals

of multiple devices. Status Flags (EF and FF) can be detected from any one device. Figure 3

demonstrates an 18-bit word width by using two DS2011s. Any word width can be attained by
adding additional DS2011s.

A SINGLE 2048 x 9 FIFO CONFIGURATION Figure 2

(XO/HF) EXPANSION OUT/HALF-FULL

!

WRITE W) (R) READ
L9 9
DATA IN [ DS2011 DATA OUT
L4
__FULLFLAG  (FF) (EF) EMPTY FLAG .
< >
RESET (RS) (RT) RETRANSMIT

EXPANSION IN (XI) |

A 2048 x 18 FIFO CONFIGURATION (WIDTH EXPANSION) Figure 3

18 * XOIAE i f (XOIFF) EXPANSION OUT/HALF-FULL
DATA IN | 9 —ig>
WRITE (W) —-—- > =
— ) (R) READ
FULLFLAG  (FF) DS2011 TTTr (EF) EMPTY FLAG
(R_S) DS2011

RESET N

(RT) RETRANSMIT
| (RT) RETRANSM
9 9

i i 18
= ; } DATA OUT
NOTE:

Flag detection is accomplished by monitoring the FF, EF and HF signals on either (any)
device used in the width expansion configuration. Do not connect flag output signals
together. :

EXPANSION IN (Xi)

||Iv—<>
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DEPTH EXPANSION (DAISY CHAIN)

The DS2011 can easily be adapted to applications when the requirements are for greater
than 2048 words. Figure 4 demonstrates Depth Expansion using three DS2011s. Any depth
can be attained by adding additional DS2011s.

External logic is needed to generate a composite Full Flag and Empty Flag. This requires the
ORing of all EFs and the ORing of all FFs (i.e., all must be set to generate the correct com-
posite FF or EF).

The DS2011 operates in the Depth Expansion configuration after the chip is Reset under the
below listed conditions.

1. The first device must be designated by grounding the First Load pin (FL). The Retransmit
function is not allowed in the Depth Expansion Mode.

2. All other devices must have FL in the high state.

3. The Expansion Out (XO) pin of each device must be tied to the Expansion In (XI) pin of the
next device. The half-full capability is not allowed in depth expansion.

A 6144 x9 FIFO CONFIGURATION (DEPTH EXPANSION) Figure 4

w . R
FF EF
9 [ 9 | 9
4 V2N \ . Vi 1\
DS2011
DATA IN / ) 20 7 ,) DATA OUT
7 7 Y F_L L4 v
] cc

>

J»—‘ Y

FULL FF e EMPTY
Qf/:: DS2011

7%




COMPOUND EXPANSION
The two expansion techniques described above can be applied together in a stralghtforward
manner to achieve large FIFO arrays (see Figure 5).

BIDIRECTIONAL APPLICATIONS ,

Applications, which require data buffering between two systems (each system capable of
READ and WRITE operations), can be achieved by pairing DS2011s, as shown in Figure 6.
Care must be taken to assure that the appropriate flag is monitored by each system (i.e., FF
is monitored on the device where W is used; EF is monitored on the device where R is used)
Both Depth Expansion and Width Expansion may be used in this mode.

COMPOUND FIFO EXPANSION Figure 5

Qo-q8 Q0-Q17
Q0-QN
o o o
Qo-q8 Q9-Q17
Q(N-8)-QN
R W,RS DS2011 DS2011 DS2011
— | DEPTH EXPANSION DEPTH EXPANSION}— ¢ o « — 3l DEPTH EXPANSION
BLOCK BLOCK BLOCK
j | D0-D8 | ‘ D9-D17 D(N-8)-DN
DO-DN
-DN
D9-DI DI&DN o o o D(N-8).DN

NOTES:
1. For depth expansion block see DEPTH EXPANSION section and Figure 4.
2. For flag operation see WIDTH EXPANSION section and Figure 3.

BIDIRECTIONAL FIFO APPLICATION Figure 6

Ini——T

——-—————————»EEB

- DS2011

Qp0-8

_______ SYSTEM B

o3 (o

ﬁA DS2011 WB

Y | | .

SYSTEM A
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HALF-FULL CAPABILITY -

In the single-device and width-expansion modes, the XO/HF output acts as an indication of a
half-full memory. (XI must be tied low.) After half of the memory is filled, and at the falling
edge of the next write operation, the Half-Full Flag (HF) will be set to low and will remain low
until the difference between the write pointer and read pointer is less than or equal to one
half of the total memory of the device. The Half-Full Flag (HF) is then reset (forced high) by
the rising edge of the read operation.

WRITE MODE

The DS2011 initiates a Write Cycle (see Figure 7) on the falling edge of the Write Enable con-
trol input (W), provided that the Full Flag (FF) is not asserted. Data set-up and hold-time re-
quirements must be satisfied with respect to the rising edge of W. The data is stored sequen-
tially and independent of any ongoing Read operations. FF is agserted during the last valid
write as the DS2011 becomes full. Write operations begun with FF low are inhibited. FF will
go high tRrF after completion of a valid READ operation. Writes beginning after FF goes low
and more than twp| before FF goes high are invalid (ignored). Writes beginning less than
twp] before FF goes high and less than tFFw later may or may not occur (be valid), depend-
ing on internal flag status.

WRITE AND FULL FLAG TIMING Figure 7

LAST VALID INVALID INDETERMINANT FIRST VALID
WRITE WRITE WRITE WRITE
twe
—> twpw e—
—_] twpw  fe— —»1 tWR L——
T\ — 7 N 7 /S
w - ( \ / / \K ;n\
/ ~ - - ~ -
—_— — [ty
twp —>|
FF NOTFULL FULL / NOT FULL
(-
)y
{ L
_ 1y
R /—\
— tpH

——‘ DS fe|—
VALID . VALID VALID
Dg-Dg DATA f DATA DATA
IN IN IN
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WRITE A.C. ELECTRICAL CHARACTERISTICS (0°Cto +70°C,Vcc =5.0V+10%)-

DS2011-35 | DS2011-50 | DS2011-65 | DS2011-80

PARAMETER SYM |MIN{MAX|MIN|MAX|MINMAX|MIN |MAXUNITS| NOTES
Write Cycle Time twe | 45 65 80 100 ns

Write Pulse Width | twpw | 35 50 65 80 ns 1
Write Recovery Time | twr | 10 15 15 20 ns

Data Set Up Time tps | 15 20 25 30 ns

Data Hold Time tpH 5 5 10 10 ns

W Low to FF Low tWEF 30 45 60 70 | ns 2
_\f-\fit}ligh to Valid tFFW 5 5 10 10 | ns 2
R High to FF High tRFF 30 45 60 70 | ns 2
[urite Protect twel 15 20 25 25| ns | 2

READ MODE

The DS2011 initiates a Read Cycle (see F_gure 8) on the falling edge of Read Enable control
input (R), provided that the Empty Flag (EF) is not asserted. In the Read mode of operation,
the DS2011 provudes a fast access to data from 9 of 18,432 locations in the static storage ar-
ray. The data is accessed on a FIFO basis independent of any ongoing WRITE operations.
After R goes high, data outputs will return to a high impedance condition until the next Read
operation.

In the event that all data has been read from the FIFO, the EF will go low, and further Read
operations will be inhibited (the data outputs will remain in high impedance). EF will go high
twEF after completion of a valid Write operation. Reads beginning tEFR after EF goes high
are valid. Reads begun after EF goes low and more than tRp| before EF goes high are invalid
(ignored). Reads beginning less than tRp| before EF goes high and less than tgpR later may
or may not occur (be valid) depending on internal flag status.
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READ AND EMPTY FLAG TIMING Figure 8

FIRST

VALID
WRITE

gl

/NS

tWEF |[&—

EF EMPTY / NOT EMPTY \ EMPTY
<
—>| [*—tEFR | REF
tRp| —- tRg—»
t
INVALID INDETERMINANT |  FIRST < RPW=> LAST

_ READ READ —=| 'RR |e— VALID
R < 7% 7 READ

A

| W / \\

- tDY tRHZ
— tA  |e—
tRL
Qp-Qg

VALID DATA] VALID DATA]
ouT our

VALID DATA
ouT

- 79




READ A.C. ELECTRICAL CHARACTERISTICS

(0°Cto +70°C, VoG =5.0V £ 10%)

DS2011-35 |DS2011-50 |DS2011.65 | DS2011.80
PARAMETER SYM | MIN |MAX |[MIN [MAX [MIN IMAX |MIN |[MAXUNITS  [NOTES
Read Cycle Time trRc | 45 65 80 100 ns
Access Time tA 35 50 65 80 | ns 2
Read Recovery Time | tRR 10 15 15 20 ns
Read Pulse Width tRPw | 35 50 65 80 ns 1
R Low to Low Z tRL | 5 10 10 10 ns 2
a?g;ﬁ Valid from R tov | 5 5 5 5 ns 2
R High to High Z tRHZ 20 25 25 25 | ns 2
R Low to EF Low tREF 30 45 60 70 | ns 2

ﬁaﬂigh to Vaild tEFR 5 5 10 10 | ns 2
W High to EF High |twEeF 30 45 60 70 | ns 2
peaq Protect tRP| 15 20 25 25 | ns | 2
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HALF-FULL MODE

Unlike the Full Flag and Empty Flag, the Half-Full Flag does not prevent device reads and
writes. The flag is set by the next falling edge of write when the memory is 1024 locations
full. The flag will remain set until the memory is less than or equal to 1024 locations full. The

read operation (rising edge), which results in the memory being 1024 locations full, removes
the flag.

HALF-FULL FLAG TIMING Figure 9

w X /

tRHF  f—

i

—  tWHF

HE 7[_—
HALF-FULL FLAG A.C. CHARACTERISTICS (0°Cto +70°C, Vgg = 5.0V = 10%)
DS2011-35 |DS2011-50 |DS2011-65 | DS2011-80
PARAMETER SYM |MIN|MAX [MIN [MAX [MIN [MAX|MIN [MAXUNITS NOTES
HaliFull Fisg Low |WHF | |45 | |es | |80 | |100] ns
Halt Full Fiag High | tRHF 45 65 80 100 ns
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RESET

The DS2011 is reset (see Figure 10) whenever the Reset pin (RS) is in the low state. During a
Reset, both the internal read and write pointers are set to the first location. Reset is required
after a power up, before a Write operation can begin.

Although neither W nor R need be high when RS goes low, both W and R must be high trgs
before RS goes high, and must remain high tRgR afterwards. Refer to the following discussion
for the required state of FL/RT and XI during Reset.

RESET Figure 10

< trsc >

- tRs >

fe tRss 1— tRSR —3>]

\NZN\/N\/7\/7 N\ \ \Z\/ \/
KRZRRRLRAS
0%6%%6%%%% %%,

gl

&,

Y

i: trss

RS
. 9.0.6.0.0.0.0°¢

o]

N7 NN\ N N\ N N\ N\ N\ N\ N\ 7\ 7\ \/
A A R EIRRL
........ . 0.9.9.0.9.0.0.0.0.00.0.9.90.0.0.0070.0.0.0.0.0.0.0.

‘v‘v’v’v’v’v.v’v‘v’v‘v’v.v.v’v.v.v.v.v.v‘v’v’v’v.v.v.v’v.v.v.v.v’v’v’v.v"
0000000000600 060 000000000000 0000000000
:.:0:.:‘ QOO 0.0’0,0‘0 0’0.0,0.0.0,0.0.0’:.0,0,0.0‘: .00 0‘0.0.:2
NN X D Pa

5
03020705 & &S
OO e a0 0¥ e 090 %% %0 %0 %0 %0 %% % %% % % 20 %0 % %622

NOTE:
EF, FF and HF may change status during Reset, but flags will be valid at tRsC.
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RESET A.C. ELECTRICAL CHARACTERISTICS (0°Cto +70°C, Voo =5.0V+10%)

DS82011-35 | DS2011-50 | D$2011-65 | DS2011-80
PARAMETER SYM | MIN|MAX|MIN|MAX|MIN [MAX|MIN IMAXUNITS INOTES
Reset Cycle Time trsc | 45 65 80 100 ns
Reset Pulse Width trs | 35 50 65 8Q. ns 1
Reset Recovery Time | tRsr | 10 15 15 20 ns
Reset Set Up Time trss | 30 40 50 60 ns
RETRANSMIT

The DS2011 can be made to retransmit (re-read previously read data) after the Retransmit pin
(RT) is pulsed low (see Figure 11).

A Retransmit operation sets the internal read pointer to the first physical location in the array,
but will not affect the position of the write pointer. R must be inactive tRTS before RT goes
high, and must remain high for tRTR afterwards.

The Retransmit function is particularly useful when blocks of less than 2048 Writes are per-
formed between Resets. The Retransmit feature is not compatible with Depth Expansion.

RETRANSMIT Figure 11

RT A
\_ r
- tRTS »+a—IRTR—>
7 4 \
N
o \VAVAVAVAVAV,AWAVAVAVAVAVAWAVAVAVAW  AWAVAVAVAVAWAVAVAVAVAVAV AV AVAVAV AV AVAVAVAV AV AVAVAVAY N
"7 SRR RKR R RRRRNRKKARR,

A
3

Q
S
I

may change status during Retransmit, but flags will be valid at tRTC.
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RETRANSMIT ' v
A.C.ELECTRICAL CHARACTERISTICS (0°Cto +70°C, Voo =5.0V+10%)

DS$2011-35 | DS2011-50 | DS2011-65 | DS2011-80
PARAMETER SYM |MIN ‘MAX MIN|MAX|MIN [MAX|{ MIN{MAX/UNITS |NOTES
33252"%’3,2 tRTC | 45 65 80 100 ns
Pulea Widith tRT | 35 50 65 80 ns | 1
Recovery Time tRTR | 10 15 15 20 ns
ggf'ﬁ'ﬁsﬂiﬁe trTs | 30 40 50 60 ns

EXPANSION TIMING

Figures 12 and 13 illustrate the timing of the Expansion Out and Expansion In sugnals Discus-
sion of Expansion Out/Expansmn In timing is provided to clarify how Depth Expansion works.
Inasmuch as Expansion Out pins are generally connected only to Expansion In pins, the user
need not be concerned with actual timing in a normal Depth Expanded application unless ex-
treme propagation delays exist between the XO/XI pin pairs.

Expansion Out pulses are the image of the WRITE and READ signals that cause them; delayed
in time by txoL and txoH. The Expansion Out signal is propagated when the last physical loca-
tion in the memory array is written and again when it is read (Last Read). This is in contrast to
when the Full and Empty Flags are activated, which is in response to writing and reading a last
available location.

When in Depth Expansion mode, a given DS2011 will begin writing and reading as soon as valid
WRITE and READ signals begin, provided FL was grounded at RESET time. A DS2011 in Depth
Expansion mode with FL high at RESET will not begin writing until after an Expansion In pulse
occurs. It will not begin reading until a second Expansion In pulse occurs and the Empty Flag
has gone high. Expansion In pulses must occur tx|g before the WRITE and READ signals they
are intended to enable. Minimum Expansion In pulse width, tx|, and recovery time, tx|R, must
be observed.

EXPANSION OUT TIMING Figure 12

WRITETO

LAST PHYSICAL
_\ LOCATION (
w ,
o READ FROM '
LAST PHYSICAL
_ Sk LOCATION 7|Z
R

txoL: xou»l L—‘XOL L‘XOH
1 f
X0 /
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EXPANSION IN TIMING Figure 13

NN

I‘"X'S WRITETO
FIRST PHYSICAL
LOCATION
w !

+-tas READ FROM
FIRST PHYSICAL
LOCATION
: / | 3
EXPANSION LOGIC
A.C. ELECTRICAL CHARACTERISTICS (0°Cto +70°C,Vcc =5.0V+£10%)
DS2011-35 | DS2011-50 | DS2011-65 | DS2011-80
PARAMETER SYM | MIN |MAX| MIN|MAX|MIN MAX|MIN|MAXUNITS |NOTES
Expansion Out Low |txoL 30 45 55 70 | ns
Expansion Out High |txoH 30 45 55 70 | ns
Expansion In
Expansion In
Recovery Time txir | 10 15 15 20 ns
Expansion In
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ABSOLUTE MAXIMUM RATINGS*
Voltage on any Pin relative to Ground -0.5V to + 7.0V
Operating Temperature 0°C to 70°C

Storage Temperature -55°C to + 125°C
Total Device Power Dissipation 1 Watt
Output Current per Pin 20 mA :

*This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED D.C. OPERATING CONDITIONS (0°Cto 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vece 4.5 5.0 55 \ 3
Ground | GND 0 v
k‘,’,gli:p‘;}; Voltage ViH 2.0 Voc+03| v 3
Logic “0” Voltage viL -03 +0.8 v 3,4

D.C. ELECTRICAL CHARACTERISfICS (0°Cto 70°C) (Vo =5.0 volts = 10%)
PARAMETER SYMBOL MIN MAX UNITS | NOTES
:Rgt;thll.gﬁsage Current L -1 1 uA 5
Output Leakage Current loL —10 10 uA 6
%u&g}i l—-°1gir(r:1;\:1” VoIfage VOH 2.4 Vv 3
%ulj_;l)_ti ‘!’.c;rgl];‘c “0” Voltage VoL 0.4 Vv 3
é\(/‘?:ggte Vcc Power Supply IcC1 120 mA 7
oW RS A | tec2 8 | ma | 7
FK?Y”ﬁ]’pB?sWE Sé’éei'b.zw Iccs 2 mA 7

CAPACITANCE | (ta=25°C)
PARAMETER SYMBOL MAX UNITS NOTES
Capacitance on Input Pins Ci 7 pF
Capacitance on Output Pins Co 12 pF 8
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NOTES:
1. Pulse widths less than minimum values are not allowed.

2. Measured using output load shown in Output Load Diagram.
3. All voltages are referenced to Ground.

4. — 1.5 volt undershoots are allowed for 10ns once per cycle.
5. Measured with 0.4< VIN < VGG

6.R >V|H, 0.4 > VouT < Vce.

7. lcc measurements are made with outputs open.

8. With output buffer deselected.

OUTPUT LOAD Figure 14

5V

§ 1.1KQ

DEVICE
UNDER \ 4
TEST

680 = 30pF

A.C. TEST CONDITIONS:

Inputlevels........... ... ... .. .. ... GNDto3.0V
TransitionTimes .......... ..., 5ns
Input Signal Timing Reference Level ............ 15V
Output Signal Timing Reference Level .. 0.8Vand22V
Ambient Temperature .................. 0°Cto70°C
VG ot e e 50V+10%
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PLASTIC DUAL-IN-LINE, 28 PINS Figure 15
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DIM. INCHES

MIN. MAX.
A 1.440 1.480
B .540 .560
C .140 .160
D .590 .610
E .020 .040
F 110 130
G .090 110
H .600 .680
J .008 .012
K .015 .021

-
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Hi Dallas Semiconductor

PRELIMINARY

¥ 4096 x 9 FIFO DS2012
FEATURES PIN CONNECTIONS
¢ First-in, first-out memory based
architecture -
w1 28 Ve
* Flexible 4096 x 9 organization b8l 2 27 D4
¢ Low power HCMOS technology gﬁg i §§ 332
¢ Asynchronous and simultaneous g;‘é : Z; S‘S‘Zﬁ
read/write 5 7 osw 22FE
¢ Bidirectional applications FF] 8 21 [JFF
Q] 9 20 3 XO/HF
¢ Fully expandable by word width or a1 10 19 B5a7
depth Q211 18 Q6
e Empty and full warning flags gzg :i :; ggi
e Half-full flag capability in single-device GND [ 14 15 3R
mode
¢ Retransmit capability PIN NAMES
* High performance W - WRITE
e Available in 50ns, 65ns and 80ns ﬁ_ - READ
access times RS - RESET
* Industrial temperature range —40°C to FL/RT - First Load/Retransmit
+85°C available designated IND Do-8 - Dataln
» Military temperature range —55°C to Qo8 - Data o‘""
+125°C available designated MIL )_(I_ - Expansion In
XO/HF - Expansion Out/Half Full
FF - Full Flag
EF - Empty Flag
Vcc - 5 Volts

GND - Ground

DESCRIPTION

The DS2012 implements a First-In, First-Out algorithm, featuring asynchronous read/write
operations, full and empty flags, and unlimited expansion capability in both word size and
depth. The main application of the DS2012 is as a rate buffer, sourcing and absorbing data at
different rates (e.g., interfacing fast processors and slow peripherals). The full and empty
flags are provided to prevent data overflow and underflow. A half-full flag is available in the
single-device and width-expansion configurations. The data is loaded and emptied on a
First-In, First-Out (FIFO) basis, and the latency for the retrieval of data is approximately one
load cycle (write). Since the WRITEs and READs are internally sequential, thereby requiring
no address information, the pinout definition will serve this and future higher-density
devices. The ninth bit is provided to support control or parity functions.

Refer to DS2011 data sheet for detailed device description.
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@ Dallas Semiconductor PRELIMINARY
® Quad Port Serial RAM DS2015
FEATURES PIN CONNECTIONS
e Four partitioned easy access ports RS0 [] 1 18] Ve
e No arbitration required CLko S 2 7[JRsTS
3 16[ ] CLK3
* Message flag for each port i I—_J . 5[7003
o Low pin count serial access M O)s uws
0Q1 [ 6 ;3[1M2
* Simultaneous multiport reads ot [ 7002
e Message length of up to eight bytes RSTI [ 8 nd Ck2
GND [ g 1o JRST2
» Low power CMOS
e Space saving 18 pin DIP PIN NAMES
, - Port O -
o Directly interfaces to the DS1206 S/SCB)-I?;? ng 0- ig: g g::: tl /0
Phantom interface CLKO-CLK3  Port 0 - Port 3 Clock
. N MO-M3 Port O - Port 3 Message
® Provides a low cost interconnect Ready
for up to four microprocessor based GND Ground
systems Vece +5 Volts

DESCRIPTION

The DS2015 Quad Port Serial RAM is a low
cost device which can be used to loosely
couple up to four microprocessors or micro-
controllers. Arbitration is handled by protocol
and a message center which forces discipline
and prevents collisions. Each port has ac-
cess to all other ports for reading information
and can write information only in its own

memory area. The memory space for each
port is 64 bits. Access to and from each port
takes place over a three wire serial bus. The
serial bus keeps pin countlow while affording
sufficient bandwidth to accommodate loosely
coupled system communication. Each port
also has a message flag which can be used to
warn of message ready conditions.
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OPERATION

The DS2015 has four separate three
wire serial ports. Each port has direct read and
write access to eight message bytes of RAM
which are designated as belonging to that
particular port. In addition, each porthas read
only access to three groups of eight message
bytes each which are designated as belonging
to the three other ports. Messages are sent
between any port by reading and writing the
eight message bytes of the four ports. An
optional check byteis provided for each group
of eight message bytes to verify data integrity
(see Figure 1). All of the cells within the RAM
matrix are quad-ported and can be read simul-
taneously from four different directions. This
reduces arbitration to concerns of write opera-
tions only.

Each of the four three wire serial ports
contains a three byte protocol register which
defines access to the RAM, and sets the
discipline which controls arbitration between
the four ports.

Protocol Register

The first byte of the protocol registeris
calledthe port select (see Figure 2). This byte
contains an eight bit pattern which must
match the first 8 bits sent on an active port or
any further activity will be ignored (Figure 3).
A port is active when the reset line is inactive
(high) and the CLK input is transitioning. The
first eight bits are sent into a port on the D/Q
line. The second byte of the protocol register
contains eight bits of status information about
activity on all four ports. This byte, called the
message center, is read only and divided into
two nibbles; messages sentand mailbox. The
first four bits tell which messages the port has
sent to other ports that have not been re-
ceived. By reading these four bits, the inquir-
ing port knows not to send new messages
because all the receiving ports have not read
to apreviously sentmessage. Eachmessage
sent bit is cleared when the receiving port

reads the last bit of its message or the RST
input of the receiving port is driven low. The
next four bits of the message center provide
each port with the knowledge of pending
messages which are ready for reading and the
number of the port or ports which are sending
the message(s). These bits are set by the
destination bits of each port when a sending
port finishes writing the last bit of a message.
The mailboxes are read only bits. All mes-
sage center bits are driven out on the DQline
while RST is inactive and the clock is transi-
tioning. The third byte of the protocol register
contains the execution code. The execution
code byte is also divided into two four bit
nibbles; the action code and the destination.
This byte is write only and data is input on the
D/Q line with RST active and the CLK input
transitioning. The action code bits have only
three patterns which will allow subsequent
actionto take place (Figure 3). An actioncode
of four zeros (0000) calls for a read message
action to occur in one of the four sections of
the Quad Port RAM as specified hy the des-
tination bits. A read message can occur to
only one portand, therefore, only one destina-
tion bit can be set for an action code of 0000.
Once a destination bit is set, a complete
message of eight bytes must be read in order
to reset the message sent bit in the sending
port’s protocol register. An action code of a
one and three zeros (1000) calls for a write
message action to be performed. A write
message can only be written in the section of
the Quad Port RAM that is identified with the
sending port. However, a message which is
written by a sending port can be directed to
one or more ports by the destination bits. The
destination bits will cause the mailbox bits in
the protocol register of each port which is to
receive the message to be set to logic one as
soon as the last bit of the message is written
by the sending port. An action code of two
ones and two zeros (1100) calls for a write
message action to be performed with more
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FIGURE 1: QUAD PORT BLOCK DIAGRAM
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FIGURE 2: QUAD PORT RAM MESSAGE TRANSACTION

QUAD PORT RAM MESSAGE TRANSACTION

BYTE 0 X X X X «_PORT seu:cv\
MAIL BOX | MESSAGE SENT g
o
BYIE 1 0 1 0 1 MESSAGE CENTER >§
[¢]
5
&
DESTINATION | acTion coe
EXECUTION CODE
BYTE 2 0 1 X X <
MESSAGE BYTE 0
BYTE 3
BYTE 4 MESSAGE BYTE 1
R
b3
BYTE 9 MESSAGE BYTE 6 >'§
2
2
o
MESSAGE BYTE 7
BYTE 10
BYTE 11 X X X X CHECK BYTE

NOTE: BITS WHICH ARE SET EQUAL LOGIC ONE.
BITS WHICH ARE CLEAR EQUAL LOGIC ZERO
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FIGURE 3: PORT SELECT CODE

MSB LsB
1 0 0 1 0 1 1 PORT 0
1 0 1 1 1 1 PORT 1
1 1 0 1 1 1 PORT 2
1 1 1 1 1 1 PORT 3
ACTION CODES
MSB LS8
o 0 0 0 READ
1 0 0 0 WRITE
1 1 0 0 WRITE DATA, MORE COMING
CHECK BYTE CODES
MSB LSB
0 0 1 0 0 1 GOOD DATA
1 1 0 1 [+] 1 [¢] CORRUPTED DATA
0 0 ! ! ! ° GOOD DATA,
MORE COMING
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data coming. This action code works exactly
the same as a standard write message action
with one exception. The check byte which
follows an eight byte message is driven to a
special code which, when read by areceiving
port, indicates that more messages will be
coming. This information can be used by a
receiving port to reduce the overhead of con-
stantly polling for new messages.

Quad Port RAM

As mentioned, each port has direct
read and write access to eight message bytes
and read access to three groups of eight
message bytes. Once the protocol register
has been correctly accessed, one of the four
sections of the Quad Port will be read or that
section of the Quad Port RAM which is dedi-
cated to the transmitting port will be written.
When sending a message, all eight message
bytes must be written. When receiving a
message, all eight of the message bytes
should be read. If fewer than all eight bytes are
accessed, the message centers may be in-
correct and errant communications between
ports can result.

Check Byte

A check byte (byte 11) is provided at
the end of each of the eight message byte
groups. The check byte is read only and
provides information to a receiving port.
Reading the check byte code is optional and
may not be necessary in applications where
software discipline is stringent enough to
avoid accidental collisions between mes-
sages sent and messages received. Three
different codes give status to a receiving port
about the message which has just been read
(Figure 3): good data, corrupted data, and
good data with more data coming. When the
check byte is read with a good data code, the
data which is read by a receiving port is correct

and valid. This check byte code assures the
receiving port that a sending portis not writing
a new message while the receiving port is
attempting to read the previous message.
When the check byte is read with a corrupted
data code, the data which is read by a receiv-
ing portis suspect. This check byte warns the
receiving port thatthe sending portis writinga
new message while the receiving portis read-
ing an older message. When the check byte
is read with a good data and more coming
code, the data which is read by a receiving port
is correct and valid and additional messages
will follow. This check byte code can be used
by a receiving port to reduce the overhead of
constant polling. If the check byte indicates
that a new message will follow, the receiving
port is warned to expect a new message.

Polling vs. Message Flags

The DS2015 Quad Port RAM has two
methods of waming the sending and receiving
ports of impending message status. The soft-
ware method of polling avoids the complica-
tion of additional hardware which is required to
connect the message ready pins to a host
sending/receiving unit. Polling is accom-
plished with a receiving unit by satisfying the
port select byte of the protocol register and
reading the message center. When a port is
being polled, care should be taken to avoid
entering the execution code portion of the
protocol register. When polling a port, com-
munications can be terminated by taking the
RST input signal low. An alternate method of
alerting a host sending/receiving unit of im-
pending message status is to use the mes-
sage ready signals to interrupt when a mes-
sageis ready to be read. The message ready
pins (M0-M3) are driven to an active state
(low) when a sending port has written the last
bit of the eight message bytes and RST of the
sending port is set to the inactive state (low),
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provided the appropriate destination bitis set.
When the message ready pin is set to an
active state, a receiving unit can execute a
software routine to service the interrupt and
read the pending message.

RST Control

All message transactions are initiated
by driving the RST port input high. The RST
input serves two functions. First, it turns on
control logic which allows access to the proto-
colregister. Second, the RST signal provides
a method of terminating message transfer.
Care must be taken when terminating a mes-
sage transferto avoid errantinformationinthe
message center. The following rules will avoid
all problems.

L While polling the message center for
new messages, always terminate the transac-
tion by driving RST low after completing a read
of the message center byte and before enter-
ing the execution code byte.

2. When sending a message, all eight
messsage bytes must be written. If fewer
than eight bytes are written, the mailbox bit of

the destination port(s) may not be set and the
check byte may indicate corrupted data.

3. When receiving a message, all eight
bytes should be read. However, if RESET is
used to terminate a message which is being
read, the message sentbit and the mailbox bit
are cleared as RST is driven low. When
reading a message, the check byte is optional
and can be either read or ignored.

Clock Control :

A clock cycle is a sequence of a falling
edge followed by arising edge. For message
inputs, the data must be valid during the rising
edge of the clock cycle. Protocol bits and
message bits are input on the rising edge of
the clock. Protocol bits and message bits are
output on the falling edge of the clock. All
message transfer terminates if RSTis low and
the D/Q pins will then go to a high impedance
state. When message transfer is terminated
using RST, the transition of RST must occur
while the clock is at high level to avoid disturb-
ing the last bit of data. Figure 4 illustrates
message transfer.

FIGURE 4: QUAD PORT MESSAGE TRANSFER
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ABSOLUTE MAXIMUM RATINGS*

Voltage on a pin to ground: -1.0to + 7.0V
Operating temperature: 0°C to 70°C
Storage temperature: -55°C to + 125°C

This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED D.C OPERATING CONDITIONS (0°C to 70°C)
PARAMETER | SYMBOL MIN. | TYP. | MAX. UNITS NOTES
Logic 1 Vi 2.0 Vee+0.3 v 1
Logic 0 V. -03 +0.8 \Y 1
Supply Vee 4.5 5.0 5.5 Vv 1

D.C ELECTRICAL CHARACTERISTICS (0°C to 70°C, Vcc = 5V+/- 10%)
PARAMETER SYMBOL MIN. | TYP. | MAX. UNITS " NOTES
InputLeakage I -1 1 UA
Output Leakage o 1 uA
Output Current @ 2.4V | |, -1 mA
Output Current @ .4V I +4 mA
Supply Current | e 6 mA -2
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CAPACITANCE (T,=25°C)
PARAMETER SYMBOL MAX UNITS NOTES
Input Capacitance Cy 5 pF
Output Capacitance Car 7 pF

A.C ELECTRICAL CHARACTERISTICS (0°C to 70°C, Vce = 5V+/- 10%)
PARAMETER SYMBOL | MIN. | TYP. | MAX. UNITS |NOTES
Data to CLK Setup te 35 ns
CLK to Data Hold ton 40 ns
CLK to Data Delay too 125 ns
CLK Low Time to 125 ns
CLK High Time s 125 ns
CLK Frequency fox D.C 4.0 MHZ
CLK Rise and Fall tate 500 ns
RST to CLK Set Up te 1 us
CLK to RST Hold oo 40 ns
RST Inactive Time tom 125 ns
RST to /O High Z o 50 ns
RSTto Message Ready e 50 ns
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QUAD SERIAL PORT RAM TIMING DIAGRAM

TIMING DIAGRAM-WRITE DATA TRANSFER
—_— tCWH

RESET

tcC |-

tcL tR
tF
CLOCK

tDC —o= at— .
tC
{1 N
ATA -
R IR o SINIK s XIS X NN I

TIMING DIAGRAM-READ DATA TRANSFER

tCCH -

B XD < —*X‘m o

TIMING DIAGRAM~MESSAGE READY

RST ON ANY WRITING PORT

tRF

PORT FLAGS MO—M3

Notes
. All voltages are referenced to ground.
2. All outputs are open.
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DS2015
Quad Port Serial RAM

Equal Spaces
.100+ .010 TNA

DIM. INCHES

MIN. MAX.
A 0.860 0.940
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.020 0.040
F 0.110 0.130
G 0.090 0.110
H 0.300 0.350
J 0.008 0.012
K 0.015 0.021

D
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Microcontroller
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ﬂi Dallas Semiconductor PRELIMINARY
» DS5000 Soft Microcontroller DS5000
FEATURES PIN CONNECTIONS
#8-bit uC adapts to task-at-hand: pro] 1 0 FIvee
. P11 [] 2 39 [7]P0.0 ADO
- 8 or 32 Kbytes of high performance P12 3 38 [T]PO.1 AD1
nonvolatile RAM for Program and/or PI3[] 4 37 []P0.2 AD2
RAM for Program and/or Data Memory Pl4[] 5 36 [1P0.3 AD3
storage PI5[] 6 35 % P0.4 ADA
. . P1.6 7 34 PO.5 AD5
- Initial downloading of s‘oftware in end P17 33 [ Po.6 ADS
system via on-chip serial port RsT o 32 P07 AD7
- Capable of modifying its own Program RXD P3.0 [ 10 31 IEAA pp
and/or Data Memory in end use XD .P3.1 [] 11 30 [J ALE/PROG»
- 128 internal nonvolatile registers for ©INTox P3.2 ] 12 29 [] PSENe
variable retention INTI» P3.3 [ 13 28 [ P27 A1S
TOP3.4[ |14 27 [ P2.6 A14
s T P3.5 [} [1P2.5 A13
eCrashproof operation: WRs P3.6 [ :2 z: P24 a12
RO* P3.7 [] 17 24 [IP2.3 AN
- Maintains all nonvolatile resources for XTAL2 [] 48 23 [[1P2.2 A10
10 years in the absence of V, XTALY ] 1 22 [C1P2.1 A9
- Orchestrates orderly shutdown and Vss [ 20 21 [JP2.0 A8

automatic restart on power up/down
- Automatic restart on detection of errant
software execution

s Software Security Feature:

- Executes encrypted software to
prevent unauthorized disclosure

*On-chip full duplex serial I/O port

* Two on-chip timer/event counters

©32 parallel I/O lines

e Compatible with industry standard 8051
instruction set and pinout

DESCRIPTION

The DS5000 is a high performance 8-bit
CMOS microcontroller that offers “softness”
in all aspects of its application. This is
accomplished through the comprehensive

DS5000

ORDERING INFORMATION

XX — XX
T
Clock  Freq
-12 12MHZ
-16 16MHZ

Program Data RAM

8 8 Kbytes
32 32 Kbytes
64 64 Kbytes

use of nonvolatile technology to preserve all

information in the absence of system V..

The entire Program/Data Memory space is

implemented using high speed, nonvolatile
/
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static CMOS RAM. Two memory size ver-
sions are available which offer either 8 Kbytes
or 32 Kbytes of NVRAM for Program/Data
storage. Furthermore, internal data registers
and key configuration registers are also non-
volatile.

A major benefit resulting from its nonvolatility
is thatthe SoftMicrocontroller allows Program
Memory to be changed at any time, even after
the device has been installed in the end
system. Additionally, the size of the Program
and Data Memory areas in the embedded
RAM is variable and can be set either when the
application software is initially loaded or by the
software itself during execution.

Initial loading of the application software into
the DS5000 is possible from either a parallel or
serial interface to a host system. This func-
tion allows initialization of the nonvolatile
areas of the device including Program/Data
RAM and the configuration parameters.
Serial loading uses the on-chip serial I/O port
to acceptincoming data from a host computer
with an RS232 port, such as a PC-based
development system. Not only is it possible
to initially boot via the serial port in the end
system but any subsequent software reload-
ing can be made at will during system opera-
tion without the need for removal of the device.

The softness also provides the ultimate in
adaptive system design by allowing either the
Data RAM or the Data Registers to retain
informationinthe absenceof V.. As aresult,
a virtually unlimited number of variables and/
ordatatables can be updated and maintained
over thelife of the product, as opposed to their
being lost during a power fluctuation. This
capability allows software to be developed
which updates variables and data tables to
reflect the cumulative knowledge of the con-
trol system from the time that it was put into

service. Consequently, control systems may
be given the ability to learn from experience
and react by altering processing steps in
response to operating conditions which
change over extended periods of time.

The DS5000 Soft Microcontroller incorporates
control functions which provide crashproof
operation when system power is momentarily
disrupted, or removed entirely. These func-
tions include the Power Fail Warning interrupt,
Automatic Power Down, and Power On Re-
start. The Power Fail Warning interrupt pro-
vides an early warning of a potential power
failure so that the operational state of the
system may be stored prior to a complete
removal of system V.. The Automatic Power
Down feature causes all nonvolatile resources
tobe sustained atlow current from the embed-
ded lithium energy source while system power
isremoved. When V. voltage is appliedonce
again, the processor is automatically re-
started with an internal flag set indicating that
a Power On sequence has just been per-
formed. Regardiess of whether the power
merely fluctuates or is absent for years, upon
its return the Soft Microcontroller has the
ability to resume execution when power is re-
applied as if the power failure had not occurred
at all.

The Soft Microcontroller’s tolerance of power
cycling provides an alternative for battery-
powered hand-held systems which typically
drain their batteries during periods of idle time,
when processing is not being performed. On/
off power cycling can be employed to cause
such systems to consume battery power only
during processing, as a way of dramatically
reducing the overall power dissipation.

The DS5000 also provides extensive software
security with its unique on-chip software
encryption logic. This feature prevents un-
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authorized individuals from reading and disas-

sembling Program/Data RAM.  When acti-

vated, the device loads and executes the
software in an encrypted form, rendering the
contents of the RAM and the execution of the
program unintelligible to the outside observer.
The encryption algorithm uses an internally
stored and protected 40-bit key which is pro-
grammed by the user. Any attempt to dis-
cover the key value results in its erasure,
rendering the contents of the Program/Data
RAMuseless. In this manner, the investment
represented by the resident software is pro-
tected from piracy.

The DS5000 incorporates these unique func-
tions in a device which is instruction set and

PIN DESCRIPTION

pin compatible with the industry standard
8051 microcontroller architecture. Develop-
ment work for new designs based on the
DS5000 may be performed utilizing existing
development tools and software packages
which support the 8051 architecture.

The DS5000 also provides a full complement
of /O functions including two 16-bit event
counter/timers, a full duplex serial I/O port
capable of asynchronous or synchronous
operation, 32 parallel I/O lines, and a watch-
dog timer. If additional external memory is
desired beyond the embedded Program/Data
RAM, 18 parallel I/O lines may be assigned to
serve the Expanded Bus function.

NOTE: Allinverted signal names are denoted with a asterisk (*) as a suffix to the signal name
(e.g. INTO*). This convention is followed throughout this document.

Each of the pins on Port 3 may be selected to serve an

Expanded Daté Memory Read Strobe: Output; active

Veer GND - Power Supply inputs.
P0.7-P0.0 - Port 0: Bidirectional I/O; open drain
These pins also serve the function of:
AD7-ADO - Address/Data Bus: Bidirectional
P1.7-P1.0 - Port 1: Bidirectional /O
P2.7-P2.0 - Port 2: Bidirectional I/0O
These pins also serve the function of:
A15-A8 - Address Bus: Outputs
P3.7-P3.0 - Port 3: Bidirectional I/O
alternate function; as described below:
RD* -
(P3.7) low
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WR* -

Expanded Data Memory Write Strobe: Output; active

External interrupt pins: Inputs; active low

Address Latch Enable: Output; active high

(or Program Byte Enable: Input; active low)

Program Store Enable: Output; active low

External Access Enable: Input; active low

(or VPP programming voltage input)

(P3.6) low

T1,70 - Timer/Counter pins: Inputs; active high
(P3.5,P3.4)

INT1*, INTO*-

(P3.3,P3.2)

TXD (P3.1) - Transmit Data: Output
RXD (P3.0) - Receive Data: Input
RST - Reset: Input; active high

ALE (PROG*) -

PSEN* -

EA* (VPP) -

XTAL1, XTAL2 - Crystal inputs
INSTRUCTION SET

The DS5000 executes an instruction set
which is object code compatible with the
industry standard 8051 microcontroller. As a
result, software development packages which
have been written for the 8051 are compatible
with the DS5000 including cross-assemblers,
high-level language compilers, and debugging
tools.

A complete description for the DS5000 in-
struction setis available in the DS5000 User’s
Guide (part # DS5000G).

MEMORY ORGANIZATION

Figure 1 illustrates the address spaces
which are accessed by the DS5000. As
illustrated in the figure, separate address
spaces exist for Program and Data Memory.

Since the basic addressing capability of the
machine is 16-bits, a maximum of 64 Kbytes
of Program Memory and 64 Kbytes of Data
Memory can be accessed by the DS5000
CPU. The 8K or 32K byte embedded RAM
area can be used to contain both Program and
Data Memory.

The Internal Register space is divided into two
parts: Data Registers and and Special
Function Registers. There are atotal of 128
Data Registers including four 8-byte banks
of working registers (R0-R7). The Special
Function Registers include the CPU Regis-
ters as well as registers which provide
control and status information for the Pro-
gram and Data Memory mapping, non-
volatile operation, and on-chip I/O functions.
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FIGURE 1: DS5000 LOGICAL ADDRESS SPACES

64K— 64K~

32K- 32K—

8K~ 8K— :lRANGE
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1| EMBEDDED | ]
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i i| MEMORY
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255 255 : i| MEMORY H
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0 0 0 %
DATA SPECIAL PROGRAM DATA
REGISTERS FUNCTION MEMORY MEMORY
REGISTERS
\ /
\V4
INTERNAL REGISTERS
LEGEND:

I:] = ON—CHIP REGISTERS V// = ACCESSED VIA EXPANDED BUS
A
= EMBEDDED MEMORY

SPECIAL FUNCTION REGISTERS

There are a total of 23 Special Function Registers which have been implemented in the

DS5000. Table 5-1 lists each of these along with their respective addresses, reset values, and
functional descriptions.
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TABLE 1: DS5000 SPECIAL FUNCTION REGISTER MAP

New or Direct Bit
Modified Register Reset address- Functional
Register Label Address Value able Description
B OFOH 00H X B Register
|
A OEOH 00H X Accumulator
|
PSW 0DOH 00H X Program Status Word
|
X TA OC7H 055H Timed Access
|
X MCON O0C6H RT Memory Control
|
X IP 0B8H 00H X Interrupt Priority Ctl.
|
P3 OBOH OFFH X Port 3 Parallel |/O
|
IE O0A8H 00H X Interrupt Enable Ctl.
|
P2 OAOH OFFH X Port 2 Parallel 1/0O
|
SBUF 099H ?? Serial Data Buffer
SCON 098H 00H X Serial Control
|
P1 090H OFFH X Port 1 Parallel /O
|
TH1 08DH 00H Timer 1 High Byte
THO 08CH 00H Timer 0 High Byte
TLA 08BH 00H Timer 1 Low Byte
TLO 08AH 00H Timer 0 Low Byte
TMOD 089H 00H Timer Mode Select
TCON 088H 00H X Timer Control
X PCON 087H RT Power Control
|
DPH 083H 00H Data Pointer High Byte
DPL 082H 00H Data Pointer Low Byte
SP 081H 07H Stack Pointer
PO 080H OFFH X Port 0 Parallel 1/O
Notes:

?? indicates that the register value is indeterminate on reset.
RT indicates that the initialization performed on the register is dependent
on the type of the reset.
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The Power Control (PCON), Interrupt Priority (IP), Memory Control (MCON), and Timed Access
(TA) registers represent modifications from the 8051 implementation, as denoted in the above
table. The following is a detailed summary of these registers.

POWER CONTROL REGISTER
Label: PCON Register Address: 087H
D7 D6 D5 D4 D3 D2 D1 DO
SMOD POR PFW WTR EPFW EWT STOP IDL
Bit Description:
PCON.7 SMOD
“Double Baud
Rate” : When set to a 1, the baud rate is doubled when the serial port is

being used in modes 1, 2, or 3.
Initialization:  Cleared to a 0 on any reset.
Read Access: Can be read normally at any time.
Write Access: Can be written normally at any time.

PCON.6 POR*
“Power On
Reset™: Indicates that the previous reset was initiated during a Power On

sequence.

Initialization:  Cleared to a 0 when a Power On Reset occurs. Remains at 0 until
itis set to a 1 by software.

Read Access: Can be read normally at any time.

Write Access: Can be written only by using the Timed Access Register.

PCON.5: PFW
“Power Fail
Warning”: Indicates that a potential power failure is in progress. Setto 1

whenever V  voltage is below the V., threshold. Clearedto a0
immediately following a read operation of the PCON register. Once
set, it will remain set until the read operation occurs regardless of
activity on V..

Initialization:  Cleared to a 0 during a Power On Reset.

Read Access: Can be read normally anytime.

Write Access:  Notwriteable.

PCON.4: WTR
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“Watchdog
Timer Reset”

Initialization:

Read Access:
Write Access:

Set to a 1 when a reset was issued as a result of a Watchdog Timer
timeout. Cleared to 0 immediately following a read of the PCON register
Set to a 1 after a Watchdog Timeout Reset. Cleared to a 0 on a No-V,,
Power on Reset. Remains unchanged during other types of resets.
May be read normally anytime.

Cannot be written

PCON.3: EPFW

“Enable Power
Fail Interrupt”:

Initialization:
Read Access:
Write Access:

Used to enable or disable the Power Fail interrupt. When EPFW is set
to a 1 it will be enabled; it will be disabled when EPFW is cleared
toaO.

Cleared to a 0 on any type of reset.

Can be read normally anytime.

Can be written normally anytime.

PCON.2: EWT

“Enable Watch-
dog Timer”
Initialization:

Read Access:
Write Access:

Used to enable or disable the Watchdog Timeout Reset. The Watch
dog Timer is enabled if EWT is set to a 1 and will be disabled if EWT

is cleared to a 0.

Cleared to a 0 on a No-V|, Power on Reset. Remains unchanged during
other types of resets. ‘
May be read normally anytime.

Can be written only by using the Timed Access register.

PCON.1: STOP

“Stop”:

Initialization:
Read Access:

Write Access:
PCON.0: IDL
“Idle”:

Initialization:
Read Access:
Write Access:

Used to invoke the Stop Mode. When set to a 1 program execution
will terminate immediately and Stop Mode operation will commence.
Cleared to a 0 when program execution resumes following a hardware
reset.

Cleared to a 0 on any type of reset

Can be read anytime.

Can be written only by using the Timed Access register.

Used to invoke the Idle Mode. When set to a 1 program execution
will be halted and will resume when the Idle bit is cleared to 0 follow
ing an interrupt or a hardware reset.

Cleared to 0 on any type of reset or interrupt.

Can be read normally anytime.

Can be written normally anytime.
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INTERRUPT PRIORITY REGISTER

Label: IP Register Address: 0B8H
D7 D6 D5 D4 D3 D2 D1 DO
RWT- - - PS PT1 PX1 PTO PX0
Bit Description:
IP.7: RWT
“Reset Watch-
Timer”: When setto a 1 the Watchdog Timer count will be reset, and counting

Initialization:
Read Access:
Write Access:

will begin again. The RWT bit will then automatically be cleared again to 0.
Writing a 0 into this bit has no effect.

Cleared to a 0 on any reset.

Cannot be read.

Can be written only by using the Timed Access register.

All of the following bits are read/write at any time and are cleared to 0 following any

hardware reset.

IP.4: PS
“Serial Port
Priority”:

IP.3: PT1
“Timer 1
Priority”:

IP.2: PX1
“Ext. Int. 1
Priority™:

IP.1: PTO
“Timer 0
Priority”:

IP.0: PX0
“Ext. Int. 0
Priority”:

Programs Serial Port interrupts for high priority when set to 1.
Low priority is selected when cleared to 0.

Programs Timer 1 interrupt for high priority when set to 1.
Low priority is selected when cleared to 0.

Programs External Interrupt 1 for high priority when set to 1.
Low priority is selected when cleared to 0.

Programs Timer O interrupt for high priority when set to 1.
Low priority is selected when cleared to 0.

Programs External Interrupt O for high priority when set to 1.
Low priority is selected when clearedto 0.
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MEMORY CONTROL REGISTER

Label: MCON Register Address: 0C6H
D7 D6 D5 D4 D3 D2 D1 DO
PA3 PA2 PA1 PAO RA32/8 ECE2 PAA —
Bit Description:
MCON.7-4: PA3-0
“Partition
Address”: Used to select the starting address of Data Memory in Embedded RAM.
Program space lies below the Partition Address.
Selection:
PA3 PA2 PA1 PAO Partition Address
0 0 0 0 0000H
0 0 0 1 0800H
0 0 1 0 1000H
0 0 1 1 1800H
0 1 0 0 2000H
0 1 0 1 2800H
0 1 1 0 3000H
0 1 1 1 3800H
1 0 0 0 4000H
1 0 0 1 4800H
1 0 1 0 5000H
1 0 1 1 5800H
1 1 0 0 6000H
1 1 0 1 6800H
1 1 1 0 7000H *
1 1 1 1 8000H *
* A 4 Kbyte increment (not 2 Kbytes) in the
Partition Address takes place between bit field
values 1110Band 1111B.
Initialization: ~ Set to all 1’s on a No V|, Power On Reset or when the Security Lock bit is

Read Access:

cleared to a 0 from a previous 1 state. These bits are also setto all 1’s
when any attempt is made to have them cleared to all 0’s with the SL bit
setto a 1 (illegal condition).

May be read anytime.




Write Access: PAA bit must = 1 in order to write PA3-0. Timed Access is not required to
write to PA3-0 once PAA = 1.

MCON.3: RA32/8
“Range
Address”: Sets the maximum usable address in Embedded Memory.
RA32/8 = 0 sets Range Address = 1FFFH (8K)
RA32/8 = 1 sets Range Address = 7FFFH (32K)
Initialization:  Set to a 1 during a No V|, Power On Reset and when the Security Lock

bit (SL) is cleared to a 0 from a previous 1 state. Remains unchanged on
all other types of resets.

Read Access: May be read normally anytime.

Write Access: Cannot be modified by the application software; can only be written during
Program Load Mode.

MCON.2: ECE2
“Enable Chip ‘
Enable 2":  Used to enable or disable the CE2* signal to additional Embedded

RAM Data Memory space. This bit should always be cleared to
0 in the DS5000 8 and DS5000 32 versions.

Initialization:  Cleared to 0 only during a No V|, Power On Reset.

Read Access: Read normally anytime.

Write Access: Can be written normally at any time.

MCON.1: PAA
“Partition
Address
Access”: Used to protect the programming of the Partition Address
select bits. PA3-0 cannot be written when PAA = 0. PAA can be written
only via the Timed Access register.
Initialization:  PAA is cleared only on a No-V,, Power On Reset
Read Access: PAA may be read anytime.
Write Access: The Timed Access register must be used to perform any type of write
operation on the PAA bit
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TIMED ACCESS REGISTER

Label: TA Register Address: 0C7H
D7 D6 D5 D4 D3 D2 D1 DO
Bit Description:
TAn.n: (All Timed Access bits)
“Timed
Access”: Used to invoke a Timed Access procedure required to write to any of the

Timed Access protected bits including EWT, RWT, STOP, PAA. Timed
Access is activated by three sequential write operations as in the

example shown below:

MOV  OC7H,0AAH
MOV  0C7H,055H
ORL IP,#804

; Write 0AAH to TA register
; Write 055H to TA register
; Reset Watchdog Timer

Initialization:  Written with the value of 055H following any type of reset.
Read Access: Cannot be read from the application software

Write Access: Can only be written anytime.

PROGRAM LOAD MODES

The Program Load Modes allow initialization
of the embedded Program/Data Memory and
nonvolatile Internal Registers. This initializa-
tion may be performed in one of two ways:

1) Parallel Program Load cycles which
perform the initial loading from parallel
address/data information presented on
the I/O port pins.

2) Serial Program Loading which is
capable of performing bootstrap loading
of the DS5000. This feature allows the
loading of the application program to be
delayed until the DS5000 is installed in
the end system.

The DS5000 is placed in its Program Load
configuration by simultaneously applying a
logic 1 to the RST pin and forcing the PSEN*
line to a logic O level. Immediately following
this action, the DS5000 will look for a Parallel
Program Load pulse, or a serial ASCIl carriage
return (ODH) character received at 9600, 2400,
1200, or 300 bps over the serial port.

The hardware configurations used to select
these modes of operation are illustrated in
Figure 2.
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FIGURE 2: PROGRAM LOADING CONFIGURATIONS
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The table below summarizes the selection of the available Parallel Program Load cycles. Flgure
4 illustrates the timing associated with these cycles.

TABLE 1: COMPATIBLE PROGRAM LOAD CYCLES

Mode RST PSEN*
Program '1 0
Security Set 1 0
Verify 1 0

The Program Cycle is used to load a byte of
datainto a register or memory location within
the DS5000. The Verify Cycle is used to read
this byte back for comparison with the origi-
nally loaded value to verify proper loading.
Finally, the Security Set Cycle may be used to
enable and disable the Software Security
feature of the DS5000.

When the DS5000 first detects a Parallel
Program Strobe pulse or a Security Set Strobe
pulse while in the Program Load Mode follow-

ALE EA*

P27 P
0 VPP 1 o
0 VPP 1 1
1 1 o o

ing a Power On Reset, the internal hardware of
the DS5000 is initialized so that an existing 4
Kbyte 87C51 program can be programmed
into a DS5000 with little or no modification.
This initialization automatically sets the
Range Address for 8 Kbytes and maps the
lowest 4 Kbyte bank of Embedded RAM as
Program Memory. The top 4 Kbytes of
Embedded RAM are mapped as Data Mem-

ory.
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The Serial Program Load Mode is the easiest,
fastest, most reliable, and most complete
method of initially loading application software
into the DS5000’s nonvolatile RAM. Commu-
nication can be performed over a standard
asynchronous serial communications port.
The hardware configuration which is required
for the Serial Program Load Mode is illustrated
in Figure 2. Note that an 11.059 MHz time
baseis required in order for communication to
take place at standard baud rate frequencies.
The serial loader is designed to operate
across a three wire interface from a standard
UART. The receive, transmit and ground

wires are all that are necessary to establish
communication with the DS5000.

The Serial Loaderimplements an easy-to-use
command line interface which allows an appli-
cation program in an Intel Hex representation
to be loaded into and read back from the
device. Intel hex is the typical format which
existing 8051 cross-assemblers output.

The serial loader responds to ten single char-
acter alphabetic commands which are sum-
marized below:

COMMAND FUNCTION
D Dump Intel Hex File
F Fill Embedded RAM block with constant
K Load 40-bit Encryption Key
L Load Intel Hex File
R Read MCON register
T Trace (Echo) incoming Intel Hex data
U Clear Security Lock
Vv Verify Embedded RAM with incoming Intel Hex
W Write MCON register
b4 Set Security Lock
POWER MANAGEMENT

The DS5000 is implemented using CMOS
circuitry for low power consumption during full
operation. Two software initiated modes are
available for further power reduction for times
when processing is not required and V. is at
normal operating voltage. These are the Idle
and Stop Modes. In addition, internal control
circuitry automatically places the the DS5000
in its Data Retention Mode in the absence of
\"

cc

The on-chip nonvolatile control circuitry moni-
tors the V. for three below nominal operating
voltage (Figure 3). When the voltage drops
below the Power Fail Warning threshold (V)
an interrupt will be generated to signal the
processor of an impending power fail condi-
tion. Thisis to allow time for a service routine
to save the operational state of the microcon-
troller prior to the V. dropping below the V..
threshold. When this occurs, processor op-
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eration is automatically terminated by inter-
nally halting the clock after the entire circuit
has been made ready for the Data Retention
Mode. Finally, once V. voltage drops below
the Lithium cell voltage threshold (V) power
from the embedded lithium cell is applied to
place the device in its Data Retention Mode.

When V. voltage is again applied to the
system, an internal Power On Reset cycle is
executed without the need for any external
components on the RST pin. In addition,
internal status is available to distinguish the
Power On Reset from other types of resets.

SOFTWARE SECURITY

The Software Security feature isimplemented
using Address and Data Encryptor circuitry
which is present on the DS5000 die. Operation
of the Software Security feature is performed
by mainpulation of the 40-bit Encryption Key
word and the Security Lock bit while in one of
the Program Load modes. Encryption opera-
tion is first intiated by loading the 40-bit En-
cryption Key word.

When Software Encryption Operation is in
effect and the Security Lock is disabled, the
application software may be initially stored in
an encrypted form during the initial loading of
the device using one of the Program Load
modes. As the loading is performed, the Data
Encryptor logic transforms the opcode, oper-
and, and data byte defined at each memory
location defined by the software. Similarly,
the Address Encryptor translates the “logical”
address of each location into an encrypted
address at which the byte is actually stored.
Although each encryptor uses its own algo-
rithm for encrypting data, both depend on the
40-bit key word which is contained in the
Encryption Key registers (EK0-4).

As long as the Security Lock remains dis-
abled, the actual unencrypted contents of the
embedded Program/Data RAM may be read
backfor verification while in the Program Load
mode. Once the contents have been verified,
the final action performed during the Program
Load Mode should be the enabling of the
Security Lock bit. From this point on it will be
impossible to read back the unencrypted
contents of the Program/Data RAM or the
contents of the Encryption Key registers.

When the application software is executed,
the Address and Data Encryptors provide the
opcodes, operands, and data to the CPU that
execution of the application software can take
place as normal. This action also takes place
in real time so that no additional delays are
imposed on the execution time of the soft-

- ware. Thus, the Software Encryption Opera-

tionis transparent to the application software.

The Software Encryption Operation is dis-
abled and the contents of the Encryption Key
registers are automatically erased whenever
the Security Lock bit is cleared to a 0 from a
previous 1 condition. This action renders the
contents of the embedded Program/Data
RAMuseless, so that the application software
can no longer be corre