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ABT Applications

Avoiding Bus Contention

ABT devices typically disable (to high impedance) faster
than they enable (to active state) and therefore offer an in-
herent way to minimize bus contention. System designers
must be aware of the effects of bus interface device expo-
sure to contention. Some advice is offered in the following
discussion.

Ideally the system designer should insure that the disabling
signal to the active driver always precedes the enabling sig-
nal to the next driver to insure minimum contention; i.e.,
tSETUP time disable-to-enable should be a positive number. If
the interface devices on the bus (as NSC ABT devices typi-
cally do by design) exhibit disable times (tPHZ/tPLZ) quicker
than enable times (tPZH/tPZL), then the tSETUP time
disable-to-enable can be reduced to zero or slightly negative
and not cause significant contention.

The typical tSETUP time is approximated from the typical
enable/disable time specs: tSETUP disable-to-enable = tPLZ −
tPZH or = tPHZ − tPZL; whichever yields the most positive
number governs. Obviously if disable time is larger than en-

able time then tSETUP is a positive time. Worst case tSETUP is
calculated from the min/max enable times: tPLZ (max) − tPZH

(min) or tPHZ (max) − tPZL (min) and will always yield a safer
positive number.

Data taken on a ’245 function in a bus contention test fixture
may be helpful to illustrate the effects of varying the tSETUP

from a value which caused no contention to values which
caused significant contention in Figures 1, 2 and Figure 3.

No reliability data to calculate fit rates to support a degree of
contention resilience is offered at this time. Deliberate con-
tention is not recommended. For instance a designer should
be rightly concerned about the magnitude of current that can
flow when a 64 mA (min) bus interface sink (IOL) stage con-
tends with a −225 mA (max) source (IOS) stage for a large
overlap time period with multiple outputs switching. Particu-
larly true for the newer bus interface parts like ABTC which
have IOS specifications more negative than the −225 mA
max.

TRI-STATE® is a registered trademark of National Semiconductor Corporation.
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Avoiding Bus Contention (Continued)

Procedure: Adjust tSETUP by varying the delay of B pulse. Monitor contention current of OR-tied B outputs at node 1.

MS100213-1
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FIGURE 1. ’245 Function Bus Contention Test Fixture

MS100213-3

At TSETUP = +1 ns, there is no contention current, merely normal capacitive charging during LH transition. Bus contention is measured with 8 outputs switching
in phase on both devices. This example used the 74F245PC, with the monitor on pin 18, BOUT.

FIGURE 2. Bus Contention Current
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Avoiding Bus Contention (Continued)

Floating Input Considerations for
BiCMOS Design

ABT INPUT STRUCTURE DESIGN

Although the inputs of a BiCMOS device operate with TTL
voltage levels, it is important to understand that the circuitry
is built primarily with CMOS stuctures. Figure 4 shows the
basic structure of a typical ABT input. The nature of the ABT
input operation is very similar to that of Advanced CMOS de-
vices. There is minimum power dissipated due to ICC when
the input is in either the High or Low logic state; since only
one structure will be turned on at a time. Special consider-
ations for power dissipation must be made however, when
the inputs of a BiCMOS device are being subjected to an un-
defined level — such as that on a TRI-STATE® system bus.

EFFECTS OF FLOATING INPUTS

Typically, a number of bi-directional transceivers will be con-
nected in parallel with each other between two system bus-
ses; as in Figure 5. Before data can be transferred from one
bus to the other, the devices connected to the receiving bus
will have their outputs disabled for some period of time prior
to the appearance of valid data on the driving bus. This is
necessary to prevent data corruption and contention be-
tween busses. While the outputs are disabled, there is mini-
mum concern for the effects of ICC on power
dissipation — the output enable circuitry is designed to inter-
act with the input stages to effectively cause them to act as
open circuits to VCC and ground. Floating inputs become a
concern when the outputs are enabled and there are a num-
ber of inputs that remain connected to a TRI-STATE system
bus for a period of time.

During the time that the bus is inactive, TRI-STATE leakage
currents will charge the lines to some voltage level within the
input threshold region of the device. In the threshold region,
and with the outputs enabled, the output pull up and pull
down stages may be partially turned on simultaneously. This
results in significant flow of ICC through the input structure to
ground. This current is orders of magnitude larger that the
typical leakage currents IIH or IIL. Given that this is occurring
on a number of transceivers located on the same physical
device, the problem is compounded. Permanent damage or
long term reliability effects on the device may become a con-
cern.

MS100213-4

FIGURE 3. Output Response in Bus Contention Test Fixture
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FIGURE 4. Simplified ABT Input Structure Diagram
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FIGURE 5. Bi-Directional Bus Transceivers
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Floating Input Considerations for
BiCMOS Design (Continued)

SYSTEM DESIGN CONSIDERATIONS

In a BiCMOS system design, floating inputs can be dealt with
using one of two methods. If the amount of time that the bus
is going to be inactive is very short (on the order of microsec-
onds), then the issue can be disregarded. Because this time
can be unpredictable due to normal variations in operation
the more commonly used approach will be to ensure that the
system bus is always going to be at a valid voltage level.
This is accomplished with the use of a pull up resistor to ter-
minate the bus line. It is recommended that a 1k to 10k resis-
tor be connected between the device input and VCC. Al-
though additional considerations will be made for DC power
dissipation by the termination network, pull up resistors will
ensure an added level of protection against the effects of
floating device inputs.

NATIONAL’S ABT DESIGN CONSIDERATIONS

National has considered the issue of floating inputs during
design of the ABT product family. 8-bit and 16-bit ’244 and
’245 functions have been designed with additional protection
against the effects of floating inputs. In previous discussion,
we examined that when a device input is left at some voltage
level near the threshold, it is possible for both the input pull
up and pull down structures to be partially turned on and
conducting ICC to ground. Depending on the number of in-
puts at threshold, and the time that they are in the threshold

region, the results could be adverse to both the device and
the system. National Semiconductor has designed the input
structures of their ABT buffers and transceivers such that the
pull up and pull down structures will completely shut off while
the input voltage is within the threshold region. This is ac-
complished by controlling the characteristics of the pull up
and pull down structures such that there is an imbalance be-
tween their turn on voltages. This prevents simultaneous
conduction of the input structures with the presence of a
threshold voltage at the input. Figure 6 demonstrates the
shutdown of the input structures between the input voltages
of 1.2V and 1.4V.

SUMMARY

Because CMOS structures are incorporated into the ABT in-
put circuitry, considerations must be made for the resulting
effects upon device inputs that are connected to a
bi-directional TRI-STATE system bus. If these lines are not
terminated to a valid input level, the result will be ICC current
flow to ground — compounded by the number of inputs that
are exposed to threshold levels. The power being dissipated
internally to the device may have an effect on long term de-
vice and system performance; or may result in a catastrophic
failure. Standard system design practice suggests that float-
ing input pins be terminated with a pull up resistor to VCC.
This practice — in conjunction with National’s robust ABT in-
put design — will ensure that the system designed with ABT
logic devices will operate efficiently and reliably.

Power Down Characteristics
Power-down characteristics provide the system designer’s
with an understanding of the loading effects from a device
when the device power supply is at 0.0V. The device’s
powered-down characteristics effect the system bus or back-
plane in a number of ways and can be characterized by its
input and output capacitance and current loading. The mea-
sured parameters that provide the designers with loading in-
formation include; CIN/COUT, input/output capacitance; IZZ,
tri-stateable output power-down current loading; VID, input
power-down current loading.

A device’s input and output capacitance define the effective
bus and backplane loading through the charging and dis-
charging of the interface pins. ABT devices have typical ca-
pacitance values of 5 pF for input pins and 9 pF for output

pins, while I/O pins have a typical value of 11 pF. National
tests capacitance in accordance with the procedures out-
lined in the MIL-STD-883, method 3012.

The power-down leakage characteristics of an ABTC device
provide the effects of current loading on a bus or backplane.
Typically, loading leakages in the +200 µA range begin to ef-
fect the VOH/VOL levels in a backplane application. The VID
and IZZ curves in Figures 4, 5 illustrate the loading effects on
the backplane over a range of backplane voltages from 0.0V
to 5.5V while the power supply is kept at 0.0V.

— VID

VID is a voltage that is measured on an input pin at a
current loading of 1.9 µA in a power off condition such
as when VCC and the non-measurement pins are at
0.0V.

MS100213-9

FIGURE 6. Input Characteristics Demonstrating Shutdown at Threshold Levels
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Power Down Characteristics
(Continued)

The curve of VID vs IID in Figure 7 shows the current
leakage of a typical ABT input pin. ABT inputs typically
limit loading leakage to <1.9 µA over an input voltage
range from 0V to 5.5V at room temperature.

— IZZ

IZZ is a current that is measured on an output pin at a
voltage of 5.5V during a power off condition such as
when VCC and the non-measurement pins are at 0.0V.

The curve of VZZ vs IZZ in Figure 8 shows the current
leakage of a typical ABT input/output (I/O) pin and how
it loads a bus or backplane over a range of bus volt-
ages from 0.0V to 5.5V. I/O pin configurations exhibit
combined current characteristics from components of
the input circuitry and output circuitry. ABT I/O pins
specify maximum loading leakage at 100 µA with a
typical loading leakage at 3 µA at room temperature.

Models
National Semiconductor in conjunction with Quad Design, of-
fers SPICE and TLC models for the system designer. Each
model provides information on parameters that speed
design-in activities. The description, use and availability of
the two types of models is outlined below.

SPICE

Description : The SPICE input files are valid representations
of the input, output, I/O and associated circuitry used on the
logic device modeled. The circuit and device models were
designed and verified using SPICE 2G6. National Semicon-
ductor makes no guarantee that identical results will be pro-

duced by other hardware/software combinations. Proper ex-
ecution of these models is not guaranteed if any changes are
made to its files.

File Name Conventions:

FFFDDDDS.TTT FFF — family code (ABT)

DDDD — device designation (245)

S — step revision of model file

TTT — valid temperature of file with a preceding m repre-
senting minus

Exceptions may be seen in file names such as 16 bit de-
vices.

Use: While SPICE simulation input files may be a useful and
beneficial tool to the system designer for the purpose of
modeling bus loading and DC drive characteristics, and due

MS100213-5

FIGURE 7.

MS100213-6

FIGURE 8.
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Models (Continued)

to the complexities indigenous to the modeling of transient
phenomenon, National Semiconductor recommends that
simulated results be supported by laboratory characteriza-
tion prior to making final judgments regarding device tran-
sient performance.

The input files incorporate single bit models over cold, room
and hot die temperatures as well as package models.

Availability : If an ABT product is orderable, the SPICE mod-
els is available through the Applications Engineering Group
at Fairchild Semiconductor.

333 Western Avenue

South Portland, Maine 04106

Telephone: (800) 341-0392

Or check the website at www.fairchildsemi.com.

TLC

Description : Transmission Line Calculator, (TLC) Models
provide the system designer with transmission line charac-
teristics such as signal quality. TLC predicts ringing, under-
shoot and overshoot, performs automated analysis of entire
PCB designs and offers accurate delay data for ABTC prod-
ucts. National provides AC, DC and capacitance characteris-
tics for the model which Quad Design compiles and makes
available for customers. The characteristics are generated
either empirically or from SPICE simulations. The AC char-
acteristics include output edge rate and the DC characteris-
tics include output drive capacity and input/output leakage
data.

Use: The TLC models are most often used for signal analy-
sis in PCB designs. TLC program features include predict-
ability of ringing, non-incident switching, undershoot, over-
shoot, and time delay for networks of arbitrary topology and
construction. The program may also be used to evaluate net-
work loading and termination strategies. Additionally, TLC
provides users with critical clock and backplane signal analy-
sis tools as well as tools for viewing the effects of tristate bus
contention.

Availability : TLC models on orderable product may be ob-
tained by contacting:

Quad Design

1385 Del Norte Road

Camarillo, California 93010

Telephone: (805) 988-8250

FAX: (805) 988-8259

Measurement Based Digital Signal
Integrity Models
Zeelan Technology, Inc. offers a library of digital signal integ-
rity models that are based on measurements from actual

parts. As CPU speed increases, there is an increasing need
for design tools to predict circuit behavior by simulation.
Zeelan’s models and libraries allow designers to identify digi-
tal signal integrity problems based on the final layout of the
circuit board during the design phase. Since the digital signal
integrity problems of the physical layout are identified before
the fabrication of the circuit card, design changes and optimi-
zation can be made before building a prototype. The results
are fewer prototypes during the development process with a
saving in time and reduction of effort. The outcome is a prod-
uct with the system operating at the maximum level, confi-
dence in the system’s reliability and end user satisfaction
with the system’s performance.

To achieve these results from simulation, digital designers
need models that represent the digital part. Zeelan’s process
involves measurement of the actual part’s parameters to de-
rive realistic models and then formatting the models for spe-
cific requirements of individual simulators including Mentor
Graphics, Quad Design, Greenfield, Quantic Laboratories
and Intergraph. The information in each of Zeelan’s Master-
Models™, designates the specific manufacturer’s part num-
ber, pin out and pin names. To ease the installation, Zeelan
software models are recorded on the designer’s media of
choice and are ready to load and run.

Zeelan’s models are the answer to three fundamental needs.
Traditional libraries are based on a range of values from data
books instead of a specific value, estimates when no data is
available (rise and fall time) and generic models to represent
all the parts in a logic family for all manufacturers. Available
models do not provide the clarity designers need to repre-
sent digital parts. Also, today’s digital designs need models
that account for differences between the same part type from
differeent manufacturers and the high frequency analog be-
havior of digital parts. In response to these needs, Zeelan
provides realistic models for individual National Semicon-
ductor digital parts that result from measurements with ac-
tual parts.

The Zeelan Library for National Semiconductor can be com-
bined with Zeelan’s microprocessor libraries to provide de-
signers with libraries for the total system design with Pen-
tium™ Processor, Intel® 486SX™ 33 MHz, Intel® SL
486DX2, Motorola 68040, 68EC040 and 68LC040 micropro-
cessors.

Availability: Measurement based digital signal integrity
models on released devices may be obtained by contacting:

ZEELAN TECHNOLOGY, INC.

10550 S.W. Allen Blvd., Suite #108,

Beaverton, OR 97005

Telephone: (503) 520-1000

Request the 74/54 National Semiconductor Digital Master-
Model™ Library and Microprocessor MasterModel™ Library
in the simulator format of your choice.
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.national.com

National Semiconductor
Europe

Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Français Tel: +49 (0) 1 80-532 93 58
Italiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5620-6175
Fax: 81-3-5620-6179
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap

Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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