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SYSTEM DESCRIPTION

ABS refers to a number of devices designed to avoid wheel-

lock during hard and panic braking conditions. These sys-

tems have gained world attention only in the past five years,

but even the simplest system provides huge gains over

electro-mechanical systems. Legislation for ABS continues

throughout most of Europe and is expected to be mandated

in the U.S. as well.

Four wheel systems provide more security with both steer-

ability and stability, and are second only to engine control in

electronic content. ABS systems are designed around sys-

tem hydraulics, sensors and control electronics. These sys-

tems are dependent on each other and the different system

components are interchangeable with minor changes in the

controller software.

ANTI-LOCK

Anti-Lock systems are low cost with one wheel sensor on

the differential, one control circuit and a system controller

for primarily light truck and front wheel drive passenger

cars. This improves stability and only affects the rear

wheels.

ANTI-SKID

Anti-Skid systems provide the next level by adding control

to all wheels and includesÐthree wheel sensors, three con-

trol circuits and the system controller. This system provides

both steerability and stability during heavy braking, meaning

that a driver can maintain full control of the vehicle. This

level may soon become law in the U.S.

ADVANCED ANTI-SKID

This upgrade of the previous system requires four wheel

speed sensors, four control circuits, and a high performance

control system. This system provides greatly increased con-

trolÐdecreased stopping distances, split surface control

(dissimilar road surfaces), and automatic parameter adjust-

ment (to match weather changes). Presently, this system is

used only on very high performance vehicles.
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Advanced ABS System/4 Channel
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TRACTION CONTROL

To control wheel ‘‘slip’’ during acceleration on slippery sur-

faces, the control system must balance the torque at the

driven wheels and the friction from the road and tire sur-

faces. Two of the most popular methods for controlling

torque are engine intervention and brake intervention.

These techniques apply the brakes intermittently, where

wheel ‘‘slip’’ has been determined, to absorb excess engine

torque.

Engine intervention techniques provide some means of con-

trolling torque by either fuel or spark timing adjustments.

SYSTEM HYDRAULICS

The hydraulic system in the vehicle is augmented by the

addition of special hydraulic solenoid switches which allows

the control unit to modulate the brake pressure on each of

the controlled wheels. The number of wheels controlled de-

pends on the configuration selected by the manufacturer.

Typically, an Anti-Lock system has one control circuit which

acts on both of the rear wheels, while an Anti-Skid system

has three control circuits; one for the two rear wheels and

one for each of the two front wheels.

These hydraulic switches allow the brake pressure to be

increased, decreased, or held constant during ABS control

of the circuit. In the non-operating mode the switches are in

the pressure increase position which under normal driving

conditions equates to flow through position. Control circuits

are either one three-position switch or two two-position

switches, again depending on the manufacturer.

Recently, a great deal of attention has been given to the

use of Pulse Width Modulated (PWM) pumps which act as

pressure boosters on each of the control lines. This form of

control is not only more accurate but avoids many of the

traditional problems associated with relatively slow switch-

ing solenoids. PWM control will be the next hydraulic system

advancement for ABS, both in performance and in cost.

SYSTEM ELECTRONICS SENSORS

Several different parameters must be checked during nor-

mal driving as well as during ABS braking. Possibly, the

most important input(s) is that of the speed sensor. In the

form of a reluctance sensor, it reads the passing teeth on a

gear on the wheel hub. The sensor outputs a sinusoidal

wave form which must be changed to a digital wave propor-

tional to wheel speed.

In addition, there are several on/off (digital) inputs which tell

the processing unit if the brake pedal has been depressed,

if brake fluid is insufficient, and if the parking brake is on.

PROCESSING

This unit reads the speed sensors to determine both wheel

and vehicle speed, and if an ABS event is occurring, and

ABS control functions need to be performed. This can in-

clude eight solenoids with feed lock loops, continuous self

and system diagnosis, service interface, and a display of

system status. The substantial control requirements of an

advanced ABS system requires a very high performance

controller.
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4 Wheel Anti-Lock Braking/4 Channel
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4 Wheel Anti-Lock Braking w/Traction

Note: (X) indicates BLOC custom on LMB
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KEY DESIGN CHALLENGES

1. Provide a system that allows for a large number of wheel

speed samples independently for all four wheels within

the allotted ABS cycle time of approximately 5 ms.

Wheel acceleration and deceleration calculations in

realtime require fast multiply and divide instruction cycle

times to optimize the system response times.

2. Maximum fault tolerance and on-board diagnostics for

sensor, actuator and internal electronic faults.

3. Integration. In order to reduce size for mounting in very

space limited locations, integration must be optimized.

This must be accomplished without a major impact on

system cost.

4. Underhood operation. All components used in next gen-

eration ABS/traction control systems must be capable of

operation at ambient temperatures ranging from b40§C
to a125§C.

KEY COMPONENTS

1. HPC Microcontroller Family provides multiply and divide

instruction cycle time in the order of 7.0 ms. This makes

the HPC microcontroller core a natural for mid-speed

real time control applications like ABS and traction con-

trol. The HPC16083 and HPC16164 provide the neces-

sary input capture registers and PWM timers to drive

4 wheel/4 channel systems.

2. COP8640ÐMicrocontroller. Fault tolerance and diagnos-

tics is accomplished by the COP8640 Watchdog, while

sensor and load monitors are designed into the

LMB101X and LMB103X BLOCCS ASIC devices. The

LMB102X multichannel lowside driver is also an ASIC

BLOCCS part designed for driving FET switches with full

protection.

3. BLOCCS. Maximizing use of BLOCCS ASIC’s provides

maximum degree of integration in a low cost bipolar

technology.

4. By using an HPC 16XX microcontroller in CMOS, opera-

tion can be guaranteed over the entire automotive tem-

perature range. Underhood operation is thus possible.

4



BILL OF MATERIAL

Function Description NSC Part Other Mfg. Quantity

4 WHEEL ABS

CPU/OBROM Microcontroller 16b mc HPC16083 1

Coprocessor Microcontroller COP8640 1

w/EEPROM

w/Watchdog 8b mC

Sensor Conditioning Comparators Quad COMP. LM2901 2

Voltage Regulator V.R. LDO Reg LM2926 1

Solenoid Driver Smart Power 5A Highside Driver *LM1956 4

Lamp Drivers High Side Switch 1A Highside Dr LM1921 1

Relay Drivers High Side Switch 1A Highside Dr
LM1951 1

Diagc.

4 WHEEL ABS/w TRACTION

CPU Microcontroller 16b Micro w/AD *HPC16164 1

Sensor Conditioning ASIC BLOCCS LMB101X 1

w/Watchdog

w/Sensor Diagnostic

Odometer EEPROM EEPROM NMC9306 1

Voltage Regulator V.R. LDO Volt Reg LM2926 1

Solenoid Drivers ASIC BLOCCS LMB102X 2

Analog Switch ASIC BLOCCS LMB103X 1

*Preliminary
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: (a49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@ tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (a49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (a49) 0-180-532 78 32 Hong Kong

Fran3ais Tel: (a49) 0-180-532 93 58 Tel: (852) 2737-1600
Italiano Tel: (a49) 0-180-534 16 80 Fax: (852) 2736-9960

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
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