








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Quality and Reliability Assurance
A T

In Brief ...

The word quality has been used to describe many
things, such as fitness for use, customer satisfaction,
customer enthusiasm, what the customer says quality is,
etc. These descriptions convey important truths, however,
quality should be described in a way that precipitates
immediate action. With that in mind, quality can be
described as reduction of variability around a target, so that
conformance to customer requirements and possibly
expectations can be achieved in a cost effective way. This
definition provides direction and potential for immediate
action for a person desiring to improve quality.

The definition of quality as described above can be
applied to a task, process or a whole company. If we are to
reap the benefits of quality and obtain a competitive
advantage, quality must be applied to the whole company.

Implementation of quality ideas company wide requires
a quality plan showing: a philosophy (belief) of operation,
measurable goals, training of individuals and methods
of communicating this philosophy of operation to the
whole organization.

Motorola, for example, believes that quality and
reliability are the responsibility of every person.
Participative Management is the process by which problem
solving and quality improvement are facilitated at all levels
of the organization through crossfunctional teams.
Continuous improvement for the individual is facilitated by
a broad educational program covering onsite, university
and college courses. Motorola University provides
leadership and administers this educational effort on a
company wide basis.

Another key belief is that quality excellence is accom-
plished by people doing things right the first time and
committed to never ending improvement. The Six Sigma
(60) challenge is designed to convey and facilitate the idea
of continuous improvement at all levels.
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Quality Concepts

Quality improvement for a task or a process can be quickly
described in terms of the target, current status with respect to
target (variability), reduction of variability (commitment to
never ending improvement), customer requirements (who
receives output, what are a person's requirements/
expectations) and economics (cost of nonconformance, loss
function, etc.).

Application of quality to the whole company has come to be
known by such names as “Total Quality Control” (TQC);
“Company Wide Quality Control” (CWQC); “Total Quality
Excellence” or “Total Quality Engineering” (TQE); “Total
Quality Involvement” (TQI). These names attempt to convey
the idea that quality is a process (a way of acting continuously)
rather than a program (implying a beginning and an end).
Nevertheless for this process to be successful it must be able
to show measurable results.

“Six Sigma is the required capability level to approach the
standard. The standard is zero defects. Our goal is to be
Best-in-Class in product, sales and service.” (For a more
detailed explanation, contact your Motorola Representative
for a pamphlet of the Six Sigma Challenge.)

Quick insight into six sigma is obtained if we realize that a
six sigma process has variability which is one half of the
variation allowed (tolerance, spread) by the customer
requirements (i.e. natural variation is one half of the customer
specification range for a given characteristic). When six sigma
is achieved, virtually zero defects are observed in the output
of a process/product even allowing for potential process shifts
(Figure 1).

Policies, objectives and five year plans are the mechanisms
for communicating the key beliefs and measurable goals to all
personnel and continuously keeping them in focus. This is
done at the corporate, sector, group, division, and department
levels.

The Analog Division, for example, evaluates performance
to the corporate goals of 10 fold improvement by 1989; 100
fold improvement by 1991 and achievement of six sigma
capability by 1992 by utilizing indices such as Outgoing
Electrical and Visual Mechanical Quality (AOQ) in terms of
PPM (parts per million or sometimes given in parts per billion);
% of devices with zero PPM ; product quality returns
(RMR); number of processes/products with specified capabil-
ity indices (cp, cpk); six sigma capability roadmaps;
failure rates for various reliability tests (operating life,
temperature humidity bias, hast, temperature cycling, etc.);
on-time delivery; customer product evaluation and failure
analysis turnaround; cost of nonconformance; produc-
tivity improvement and personnel development.

Figure 2 shows the improvement in electrical outgoing
quality for analog products over recent years in a normalized
form. Figure 3 shows the number of parts with zero PPM over
a period of time.

Documentation control is an important part of statistical
process control. Process mapping (flow charting etc. ) with
documentation identified allows visualization and therefore
optimization of the process. Figure 4 shows a portion of a flow
chartfor wafer fabrication. Control plans are animportant part
of Statistical Process Control, these plans identify in detail
critical points where data for process control is taken,
parameters measured, frequency of measurements, type of
control device used, measuring equipment, responsibilities
and reaction plans. Figure 5 shows a portion of a control plan
for wafer fabrication. Six sigma progress is tracked by
roadmaps based on the six sigma process, a portion of which
is shown on Figure 6.

On-time delivery is of great importance, with the current
emphasis on just-in-time systems. Tracking is done on an
overall basis, and at the device levels.

Figure 1. A Six Sigma Process Has Virtually Zero
Defects Allowing for 1.5¢ Shift
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Figure 2. Motorola Logic & Analog Technologies Group Electrical AOQ
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Figure 3. Percentage of Parts with Zero PPM AOQ
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Figure 4. Portion of a Process Flow Chart From Wafer Fab, Showing Documentation Control and SPC

Process Control Plan

: DOCUMENTATION & SPC
FLOW OPERATION REFERENCE # IMPLEMENTATION
BURIED LAYER OXIDE
PREDIFFUSION CLEAN 12MSM 45640A

WAFER INSPECTION AFTER CLEAN ~ 12MSM 53692A

BURIED LAYER OXIDE 12MSM 35443A REF. #1 CONTROL PLAN, OXIDE THICKNESS

NANOSPEC/AFTER DEP 12MSM 51418A

CV PLOTTING 12MSM 53805A

CV EVALUATION 12MSM 45486A

BURIED LAYER OXIDE

WAFERTRAC PROCESS 12MSM 51416A REF. #10 X BAR & R. RESIST THICKNESS
[ (SCRUB/BAKE/COAT/BAKE)

12MSM 35093A

416A
P-CHART, A.D.I. REDO

Figure 5. Part of a Wafer Fab Control Plan, Showing Statistical Process Control Details

Characteristics: Code Description Code Description
A VISUAL DEFECTS E FILM SHEET RESISTANCE
B VISUAL DEFECTS . . . MICROSCOPE F REFRACTIVE INDEX
c PARTICLE . . . MONITOR G CRITICAL DIMENSION
D FILM THICKNESS H CVPLOT
Reaction Plan:
Process Ref. Characteristic Part/Process Measurements Analysis Frequency Point out of
Location No. Affected Detail Method Methods Sample Size Limit (3) (4)
B.L. OXIDE 1 D OXIDE NANOMETRIC CONTROL EVERY RUN IMPOUND LOT (1)
THICKNESS GRAPH 3 WFR/RUN ADJUST TIME TO
CENTER PROCESS
PER SPEC
2
EPI D THICKNESS DIGILAB X R CHART EVERY RUN IMPOUND LOT (1)
5 SITES/WFR NOTIFY ENGR.
QA D THICKNESS DIGILAB X R CHART 1WFR/SHIFT IMPCUND LOT (2)
5 SITES/WFR NOTIFY ENGR.
E FILM 4PT PROBE X R CHART EVERY RUN IMPOUND LOT (1)
RESISTIVITY 5 SITES/WFR NOTIFY ENGR.
QA E FiLM 4PT PROBE X RCHART 1WFR/SHIFT IMPOUND LOT (2)
RESISTIVITY 5 SITES/WFR NOTIFY ENGR.
4PT PROBE MOVING R EVERY LOT IMPOUND LOT
1 CTRLWFR NOTIFY ENGR.
PERLOT
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Figure 6. Portion of Six Sigma (65) Roadmap Showing Steps to Six Sigma Capability

+6c Summary
STEP
1. Identify critical characteristics o Product Description
o Marketing

Industrial Design
R&D/Developmental Engineering
Actual or Potential Customers

2. Determine specified product elements
contributing to critical characteristics

.

Critical Characteristics Matrix

Cause-and-Effect and Ishikawa Diagrams

Success Tree/Fault Tree Analysis

Component Search or Other Forms of Planned Experimentation
FMECA (Failure Mode Effects and Critical Analysis)

3. For each product element, determine
the process step or process choice
that affects or controls required performance

Planned Experiments
Computer-Aided Simulation
TOP/Process Engineering Studies
Multi-Vari Analysis

» Comparative Experiments
4. Determine maximum (real) allowable  Graphing Techniques
tolerance for each and process « Engineering Handbooks
« Planned Experiments

Optimization, Especially Response Surface Methodology

Reliability Concepts

Reliability is the probability that an analog integrated circuit
will succesfully perform its specified function in a given
environment for a specified period of time. This is the classical
definition of reliability applied to analog integrated circuits.

Another way of thinking about reliability is in relationship to
quality. While quality is a measure of variability (extending to
potential nonconformances-rejects) in the population domain,
reliability is a measure of variability (extending to potential
nonconformances-failures) in the population, time and
environmental conditions domain. In brief, reliability can
be thought of as quality over time and environ-
mental conditions.

Ultimately, product reliability is a function of proper under-
standing of customer requirements and communicating
them throughout design, product/process development,
manufacturing and final product use. Quality Function
Deployment (QFD) is a technique which may be used to facili-
tate identification of customer quality and reliability require-
ments and communicating them throughout an organization.

The most frequently used reliability measure for integrated
circuits is the failure rate expressed in percent per thousand
device hours (%/1000 hrs.). If the time interval is small
the failure rate is called Instantaneous Failure Rate
[A (t)] or “Hazard Rate.” If the time interval is long (for example
total operational time) the failure rate is called Cumulative
Failure Rate.

The number of failures observed, taken over the number of
device hours accumulated at the end of the observation period
and expressed as a percent is called the point estimate failure
rate. This however, is a number obtained from observations
from a sample of all integrated circuits. If we are to use this
number to estimate the failure rate of all integrated circuits
(total population), we need to say something about the risk we
are taking by using this estimate. A risk statement is provided
by the confidence level expressed together with the failure
rate. Matiematically, the failure rate at a given confidence
level is obtained from the point estimate and the CHI square
(X2) distribution. (The X2 is a statistical distribution used to
relate the observed and expected frequencies of an event.) In
practice, a reliability calculator rule is used which gives the
failure rate at the confidence level desired for the number of
failures and device hours under question.

As the number of device hours increases, our confidence in
the estimate increases. In integrated circuits, it is preferred to
make estimates on the basis of failures per 1,000,000,000
(109) device hours (FITS) or more. If such large numbers of
device hours are not available for a particular device, then the
point estimate is obtained by pooling the data from devices
that are similar in process, voltage, construction, design, etc.,
and for which we expect to see the same failure modes in
the field.
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The environment is specified in terms of the temperature,
electricfield, relative humidity, etc., by an Eyring type equation
of the form:

[} B o]
A=Ae KT ...e RH ...e E
where A, B, C, ¢ & K are constants, T is temperature, RH is
relative humidity, E is the electric field, etc.

The most familiar form of this equation deals with the first
exponential which shows an Arrhenius type relationship of
the failure rate versus the junction temperature of integrated
circuits, while the causes of failure generally remain the same.
Thus we can test devices near their maximum junction
temperatures, analyze the failures to assure that they are the
types that are accelerated by temperature and then applying
known acceleration factors, estimate the failure rates for lower
junction temperatures. The Eyring or Arrhenius relationships
should be used for failure rate projections in conjunction with
proper understanding of failure modes, mechanisms and
patterns such as infant mortality, constant failure rate (useful
region) and wearout. For example if by design and proper
process control infant mortality and useful period failures have
been brought to zero and wearout failures do not start until, let
us say, 30,000 hours at 125°C then failure rate projections at
lower temperatures must account for these facts and whether
the observed wearout failures occur at lower temperatures.

Figure 7 shows an example of a curve which gives
estimates of failure rates versus temperature for an integrated
circuit case study.

¢

Arrhenius type of equation: A =Ae - KT

Failure Rate

Constant

2.72

Activation Energy

Botzman’s Constant
Temperature in Degrees Kelvin

where:

dAxo 0 »>
non o

Ty=Ta+6JAPporTy=Tc +6J4c Pp

where: Ty Junction Temperature

TA Ambient Temperature

Tc = Case Temperature

6JA = Junction to Ambient Thermal
Resistance

6Jc = Junction to Case Thermal
Resistance

Pp = Power Dissipation

Life patterns (failure rate curves) for equipment and
devices can be represented by an idealized graph called the
Bathtub Curve (Figure 8).

There are three important regions identified on this curve. In
Region A, the failure rate decreases with time and it is
generally called infant mortality or early life failure region. In
Region B, the failure rate has reached a relatively constant
level and it is called constant failure rate or useful life region.
In the third region, the failure rate increases again and it is
called wearout region. Modern integrated circuits generally
do not reach the wearout portion of the curve when operating
under normal use conditions.

Figure 7. Example of a Failure Rate versus
Junction Temperature Curve
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Figure 8. A Model for Failure Distribution
in Time Domain Bathtub Curve Model

Parts/Equipment
— — — Integrated Circuits (Past)
— -~ Integrated Circuits (Present/Future)
A B Cc
= l
=
é ‘(\-1 /
& N ¢ /
3 —— S
= = - -
= e - /
I P — y—————
LIFE TIME

Failure Rate Constant Failure Rate Increasing Failure Rate
Infant Mortality Useful Life Wearout
Bum-In
Manufacturing Variations Random (Chance) Defects Material, Design,
Workmanship Defects (No Pattern; Occur Process Limitations

Regularly)

Weibull Weibull Weibull
Log Normal Exponential for Equipment Normal (Gaussian)
Gamma Distribution Log Normal for ICs

The wearout portion of the curve can usually be identified by
using highly accelerated test conditions. For modern
integrated circuits, even the useful life portion of the curve may
be characterized by few or no failures. As a result the bathtub
curve looks like continuously declining (few failures, Figure 8,
Curve B) or zero infant and useful period failures (constant
failure rate until wearout, Curve C).

The infant mortality portion of the curve is of most interest
to equipment manufacturers because of its impact on
customer perception and potential warranty costs. In recent
years the infant mortality portion of the curve for integrated
circuits, and even equipment, has been drastically reduced
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(Figure 8, Curve C). The reduction was accomplished by
improvements in technology, emphasis on statistical process
control, reliability modeling in design and reliability in
manufacturing (wafer level reliability, assembly level reliability,
etc.). In this respect many integrated circuit families have zero
or near zero failure patterns until wearout starts.

Does a user still need to consider burn-in? For this question
to be answered properly the IC user must consider the target
failure rate of the equipment, apportioned to the components
used, application environment, maturity of equipment and
components (new versus mature technology), the impact of a
failure (i.e. safety versus casual loss of entertainment),
maintenance costs, etc. Therefore, if the IC user is going
through these considerations for the first time, the question of
burn-in at the component level should be discussed during a
user-vendor interface meeting.

A frequently asked question is about the reliability
differences between plastic and hermetic packaged
integrated circuits. In general, for all integrated circuits
including analog, the field removal rates are the same for
normal use environments, with many claims of plastic being
better because of its “solid block” structure.

The tremendous decrease of failure rates of plastic
packages has been accomplished by continuous
improvements in piece parts, materials and processes.
Nevertheless, differences can still be observed under highly
accelerated environmental stress conditions. For example, if
a bimetallic (gold wire and aluminum metallization) system is
used in plastic packages and they are placed on a high
temperature operating life test (125°C) then failures in the form
of opens, at the gold to aluminum interface, may not be
observed until 30,000 hours of continuous operating life.
Packages, whether plastic or hermetic, with a monometallic
system (aluminum wire to aluminum metallization) will have no
opens because of the absence of the gold to aluminum
interface. As a result, a difference in failure rates will
be observable.

Differences in failure rates between plastics and hermetics
may also be observed if devices from both packaging systems
are placed in a moist environment such as 85°C, 85% RH with
bias applied. At some point in time plastic encapsulated ICs
should fail since they are considered pervious by moisture,
(the failure mechanism being corrosion of the aluminum
metallization) while hermetic packages should not fail since
they are considered impervious by moisture. The reason the
word “should” was used is because advances in plastic
compounds, package piece parts, encapsulation processes
and final chip passivation have made plastic integrated
circuits capable of operating more than 5000 hours without
failures in an 85°C, 85% RH environment. Differences in
failure rates due to internal corrosion between plastic and
hermetic packages may not be observable until well after 5000
operating hours.

The aforementioned two examples had environments
substantially more accelerated than normal life so the two
issues discussed are not even a factor under normal use
conditions. In addition, mechanisms inherent in hermetic
packages but absent in plastics were not even considered
here. Improved reliability of plastic encapsulated ICs has
decreased demand of hermetic packages to the point where
many devices are offered only in plastic packages. The user
then should feel comfortable in using the present plastic
packaging systems.

A final question that is asked by the IC user is, how can one
be assured that the reliability of standard product does not
degrade over time? This is accomplished by our emphasis on
statistical process control, in-line reliability assessment
and reliability auditing by periodic and strategic sampling
and accelerated testing of the various integrated circuit
device packaging systems. A description of these audit
programs follows.

Analog Reliability Audit Program

The reliability of a product is a function of proper
understanding of the application and environmental
conditions that the product will encounter during its life as well
as design, manufacturing process and final use conditions.
Inherent reliability is the reliability which a product would
have if there were no imperfections in the materials, piece
parts and manufacturing processes of the product. The
presence of imperfections gives rise to reliability risks. Failure
Mode and Effects Analysis (FMEA) is a technique for
identifying, controlling and eliminating potential failures from
the design and manufacture of the product.

Motorola uses on-line and off-line reliability monitoring in
an attempt to prevent situations which could degrade
reliability. On-line reliability monitoring is at the wafer and
assembly levels while off-line reliability monitoring involves
reliability assessment of the finished product through the use
of accelerated environmental tests.

Continuous monitoring of the reliability of analog integrated
circuits is accomplished by the Analog Reliability Audit
Program, which is designed to compare the actual reliability
to that specified. This objective is accomplished by periodic
and strategic sampling of the various integrated circuit device
packaging systems. The samples are tested by subjecting
them to accelerated environmental conditions and the results
are reviewed for unfavorable trends that would indicate a
degradation of the reliability or quality of a particular packaging
system. This provides the trigger mechanism for initiating an
investigation for root cause and corrective action.
Concurrently, in order to provide a minimum of interruption of
product flow and assure that the product is fit for use, a lot by
lot sampling or a non-destructive type 100% screen may be
used to assure that a particular packaging system released for
shipment does have the expected reliability. This rigorous
surveillance is continued until there is sufficient proof (many
consecutive lots) that the problem has been corrected.

The Logic and Analog Technologies Group has used
reliability audits since the late sixties. Such programs have
been identified by acronyms such as CRP (Consumer
Reliability Program), EPIIC (Environmental Package
Indicators for Integrated Circuits), LAPP (Linear Accelerated
Punishment Program), and RAP (Reliability Audit Program).

Currently, the Analog Reliability Audit Program consists of
aWeekly Reliability Audit and a Quarterly Reliability Audit.
The Weekly Reliability Audit consists of rapid (short time)
types of tests used to monitor the production lines on a real
time basis. This type of testing is performed at the
assembly/test sites worldwide. It provides data for use as an
early warning system for identifying negative trends and
triggering investigations for root cause and corrective actions.
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The Quarterly Reliability Audit consists of long term types of
tests and is performed at th U.S. Bipolar Analog Division
Center. The data obtained from the Quarterly Reliability Audit
is used to assure that the correlation between the short term
weeKly tests and long term quarterly tests has not changed
and a new failure mechanism has not appeared.

A large data base is established by combining the results
from the Weekly Reliability Audit with the results from the
Quarterly Reliability Audit. Such a data base is necessary for
estimating long term failure rates and evaluating potential
process improvement changes. Also, after a process
improvement change has been implemented, the Analog
Reliability Audit Program provides a system for monitoring the
change and the past history data base for evaluating the affect
of the change.

Weekly Reliability Audit

The Weekly Reliability Audit is performed by each
assembly/test site worldwide. The site must have capability for
final electrical and quality assurance testing, reliability testing
and first level of failure analysis. The results are reviewed on
a continuous basis and corrective action is taken when
appropriate. The results are accumulated on a monthiy basis
and published.

The Reliability Audit test plan is as follows:

Electrical Measurements: Performed initially and after
each reliability test, consist of critical parameters and
functional testing at 25°C on a go-no-go basis.

High Temperature Operating Life: Performed to detect
failure mechanisms that are accelerated by a combination of
temperature and electric fields. Procedure and conditions are
per MIL-STD-883, Method 1015 with an ambient temperature
of 145°C for 40 hours or equivalent based on a 1.0 eV
activation energy and the Arrhenius equation.

Approximate Accelerated Factors

125°C  50°C
145°C 4 4000
125°C 1 1000

Temperature Cycling/Thermal Shock: Performed to
detect mechanisms related to thermal expansion and
contraction of dissimilar materials, etc. Procedures and
conditions are per MIL-STD-883, Methods 1010 or 1011, with
ambient temperatures of —65° to +150°C or —40° to +125°C
(JEDEC-STD-22-A104), for a minimum of 100 cycles.

Pressure Temperature Humidity (Autoclave): Performed
to measure the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free ionic contaminants that may have entered the package
during the manufacturing processes. Conditions are per
JEDEC-STD-22, Method 102, a temperature of 121°C, steam
environment and 15 psig. The duration of the test is 96 hours
(minimum).

Analysis Procedure: Devices failing to meet the electrical
criteria after being subjected to an accelerated environment
type test are verified and characterized electrically, then
submitted for failure analysis.

Quarterly Reliability Audit

The Quarterly Analog Reliability Audit Program s performed
at the U.S. Bipolar Analog Division Center. This testing is
designed to assure that the correlation between the shortterm
weekly tests and the longer quarterly tests has not changed
and that no new failure mechanisms have appeared. It also
provides additional long term information for a data base for
estimating failure rates and evaluation of potential process
improvement changes.

Electrical Measurements: Performed initially and at
interim readouts, consist of all standard DC and functional
parameters at 25°C, measured on a go-no-go basis.

High Temperature Operating Life Test: Performed to
detect failure mechanisms that are accelerated by a
combination of temperature and electric fields. Procedure and
conditions are per MIL-STD-883, Method 1015, with an
ambient temperature of 145°C for 40 and 250 hours or
equivalent, based on 1.0 eV activation energy and the
Arrhenius equation.

Approximate Accelerated Factors

125°C  50°C
145°C 4 4000
125°C 1 1000

Temperature Cycling/Thermal Shock: Performed to
detect mechanisms related to thermal expansion and
contraction, mismatch effects, etc. Procedure and conditions
are per MIL-STD-883, Methods 1010 or 1011, with ambient
temperatures of —65° to +150°C or —40° to +125°C
(JEDEC-STD-22-A104) for 100, 500 and 1000 or more cycles,
depending on the temperature range used. Temperature
Cycling is used more frequently than Thermal Shock.

Pressure Temperature Humidity (Autoclave): Performed
to measure the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free ionic contaminants that may have entered the package
during the manufacturing processes. Conditions are per
JEDEC-STD-22, Method 102, a temperature of 121°C, steam
environment and 15 psig. The duration of the test is for 96
hours (minimum), with a 48 hour interim readout.

Pressure Temperature Humidity Bias (PTHB; Biased
Autoclaved): This test measures the moisture resistance of
plastic encapsulated packages. It detects corrosion type
failure mechanisms due to free and bounded ionic
contaminants that may have entered the package during the
manufacturing processes, or they may be bound in the
materials of the integrated circuit packaging system and
activated by the moisture and the applied electrical fields.
Conditions are per JEDEC-STD-22, Method 102, with bias
applied, a temperature of 121°C, steam environment and
15 psig. This test detects the same type of failures as the
Temperature Humidity Bias (85°C, 85% RH, with bias) test,
only faster. The acceleration factor between PTHB and THB
is between 20 and 40 times, depending on the type of
corrosion mechanism, electrical field and packaging system.

Highly Accelerated Stress Test (HAST) is increasingly
replacing the aforementioned PTHB test. The reason is that
the HAST test allows control of pressure, temperature and
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humidity independently of each other, thus we are able to set
different combinations of temperature and relative humidity.
The most frequently used combination is 130°C with 85% RH.
This has been related to THB (85°C, 85% RH) by an
acceleration factor of 20 (minimum). The ability to keep the
relative humidity variable constant for different temperatures
is the most appealing factor of the HAST test because it
reduces the determination of the acceleration factor to a single
Arrhenius type of relationship. Motorola has been phasing
over to HAST testing since 1985.

Temperature, Humidity and Bias (THB): This test
measures the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free and bounded ionic contaminants that may have entered

the package during the manufacturing processes, or they may
be bound in the materials of the integrated circuit packaging
system and activated by moisture and the applied electrical
fields. Conditions are per JEDEC-STD-22, Method 102 (85°C,
85% RH), with bias applied. The duration is for 1008 hours,
with a 504 hour interim readout. The acceleration factor
between THB (85°C, 85% RH with bias) and the 30°C, 90%
RH is typically 40 to 50 times, depending on the type of
corrosion mechanism, electrical field and packaging system.

Analysis Procedure: Devices failing to meet the electrical
criteria after being subjected to an accelerated environment
type test(s) are verified and characterized electrically, then
they are submitted for root cause failure analysis and
corrective action for continuous improvement.
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Applications and Product Literature
-

In Brief...

Motorola’s Applications Literature provides guidance to
the effective use of its semiconductor families across a
broad range of practical applications. Many different topics
are discussed — in a way that is not possible in a device
data sheet — from detailed circuit designs complete with
PCB layouts, through matters to consider when embarking
on a design, to complete overviews of product families and
their design philosophies.

Information is presented in the form of Application
Notes, Article Reprints and detailed Engineering Bulletins.

Abstracts of all the applications documents are provided
as a guide to their content; each abstract also shows the
number of pages in the document, plus the origin of the
article in the case of Article Reprints. Documents new to
this issue are highlighted throughout.




Applications and Product Literature

The application literature listed in this section has been
prepared to acquaint the circuits and systems engineer with
Motorola Linear integrated circuits and their applications. To
obtain copies of the notes, simply list the publications number
or numbers and send your request on your company
letterhead to: Literature Distribution Center, Motorola
Semiconductor Products Inc., P.O. Box 20912, Phoenix,
Arizona 85036.

Application Note Abstracts

ANOO4E  Semiconductor Consideration for DC Power
Supply Voltage Protector Circuits

This paper addresses the requirements for the
semiconductor sensing circuitry and SCR crowbar devices
used in DC power supply over/under voltage protection
schemes. (8pp)

AN428 Automotive Direction Indicator with Short
Circuit Detection Using the UAA1041

Cold lamps and faulty wiring can cause false operation
when using the UAA1041 Automotive Direction Indicator IC.
This note provides simple solutions. (3pp)

AN531 MC1596 Balanced Modulator

The MC1596 Monolithic Balanced Modulator is a versatile
HF communications building block. It functions as a
broadband, double-sideband suppressed-carrier balanced
modulator without the need for transformers or tuned circuits.
This article describes device operation and biasing, and gives
circuit details for typical modulator/demodulator applications
in AM, SSB and suppressed-carrier AM. Additional uses as an
SSB Product Detector, AM Modulator/Detector, Mixer,
Frequency Doubler, Phase Detector and others are also
illustrated. An appendix gives detailed AC and DC analysis.
(13pp)

AN535 Phase-Locked-Loop Design Fundamentals

The fundamental design concepts for phase-locked-loops
implemented with integrated circuits are outlined. The
necessary equations required to evaluate the basic loop
performance are given in conjunction with a brief design
example. (12pp)

AN545A  Television Video IF Amplifier Using
Integrated Circuits

This applications note considers the requirements of the
video IF amplifier section of a television receiver, and gives
working circuit schematics using integrated circuits which
have been specifically designed for consumer oriented
products. The integrated circuits used are the MC1350,
MC1352, and the MC1330. (12pp)

*Indicates New Document

ANS559 A Single Ramp Analog-to-Digital Converter

A simple single ramp A/D converter which incorporates a
calibration cycle to ensure an accuracy of 12 bits is discussed.
The circuit uses standard ICs and requires only one precision
part — the reference voltage used in the calibration. This
converter is useful in a number of instrumentation and
measurement applications (10pp)

AN569 Transient Thermal Resistance — General
Data and its Use

Data illustrating the thermal response of a number of
semiconductor die and package combinations are given. Its
use, employing the concepts of transient thermal resistance
and superposition, permit the circuit designer to predict
semiconductor junction temperature atany pointin time during
application of a complex power pulse train. (16pp)

AN587 Analysis and Design of the Op Amp
Current Source

Voltage-controlled current sources based on operational
amplifiers are both versatile and accurate, yet the quality of op
amps required is unimportant. This note develops general
expressions for basic transfer function and outputimpedance,
and shows that simp\ified equations give a very accurate
description of actual circuit performance. Includes a sectionon
analysis of the errors ‘that result from changes in circuit
parameters and temperé@ure. (7pp)

\

Designing Digitally-Controlled Power
Supplies

This application note shows two design approaches; a
basic low voltage supply using an inexpensive MC1723
voltage regulator and a high current, high voltage, supply
using the MC1466 floating regulator with optoelectronic
isolation. Various circuit options are shown to allow the
designer maximum flexibility in an application. (9pp)

AN703

AN708A Line Driver and Receiver Considerations

This report discusses many line driver and receiver design
considerations such as system description, definition of terms,
important parameter measurements, design procedures and
application examples. An extensive line of devices is available
from Motorola to provide the designer with the tools to
implement the data transmission requirements necessary for
almost every type of transmission system. (18pp)

AN719 A New Approach To Switching Regulators

This article describes a 24 V, 3.0 A switching mode supply.
It operates at 20 kHz from a 120 V AC line with an overall
efficiency of 70%. New techniques are used to shape the load
line. The control circuit uses a quad comparator and an
opto-coupler and features short circuit protection. (12pp)
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Applications and Product Literature (continued)

AN740 The Design of an N-Channel 16k x 16 Bit

Memory System for the PDP-11

This application note describes the design and construction
of a mainframe memory system with MCM6605 N-channel
MOS memories. Topics included are: the interface to the
PDP-11, refresh control and bookkeeping, timing control logic
for the memories, memory system considerations and
organization. The memory also features new integrated
circuits that reduce package count and enhance memory
system performance. (16pp)

AN781A  Revised Data Interface Standards

Revised data interface standards allow higher data rates
and longer cables. This note provides an overview and
comparison of the electrical and performance characteristics
of RS232-C, RS422, RS423, RS449 and RS485. Includes a
list of appropriate Motorola drivers and receivers with
performance summaries. (6pp)

AN829 Application of the MC1374 TV Modulator

The MC1374 was designed for use in applications where
separate audio and composite video signals are available,
which need converting to a high quality VHF television signal.
It's ideally suited as an output device for subscription TV
decoders, video disk and video tape players. (12pp)

AN879  Monomax: Application of the MC13001
Monochrome Television Integrated Circuit

This application note presents a complete 12” black and
white line-operated television receiver, including artwork for
the printed circuit board. It is intended to provide a good
starting point for the first-time user. Some of the most common
pitfalls are overcome, and the significance of component
selections and locations are discussed. (12pp)

AN917 Reading and Writing in Floppy Disk
Systems Using Motorola Integrated
Circuits

The floppy disk system has become a widely used means
for storing and retrieving both programs and data. A floppy disk
drive requires precision controls to position and load the head
as will as defined read/write signals in order to be a viable
system. This application note describes the use of the
MC3469 and MC3471 Write Control ICs and the MC3470
Read Amplifier which provide the necessary head and erase
control, timing functions, and filtering. (16pp)

AN920 Theory and Applications of the MC34063
and LA78540 Switching Regular Control
Circuits

This paper describes in detail the principle of operation of
the MC34063 and pA78S40 switching regulator subsystems.

*Indicates New Document

Several converter design examples and numerous
applications circuits with test data are included. (38pp)

AN921 Horizontal APC/AFC Loops

The most popular method used in modern television
receivers to synchronize the line frequency oscillator is the
phase locked loop. The operating characteristics and
parameters of the loops are discussed. (19pp)

AN932 Application of the MC1377 Color Encoder

The MC1377 is an economical, high quality, RGB encoder
for NTSC or PAL applications. It accepts RGB and composite
sync inputs, and delivers a 1.0 Vp-p composite NTSC or PAL
video output into a 75 Q load. It can provide its own color
oscillator and burst gating, or it can easily be driven from
external sources. Performance virtually equal to high-cost
studio equipment is possible with common color receiver
components. (12pp)

AN957 Interfacing the Speakerphone to the
MC34010/11/13 Speech Networks

Interfacing the MC34018 speakerphone circuit to the
MC34010 series of telephone circuits is described in this
application note. The series includes the MC34010,
MC34011, MC34013, and the new “A” version of each of
those. The interface is applicable to existing designs, as well
as to new designs. (12pp)

AN958 Transmit Gain Adjustments for the
MC34014 Speech Network

The MC34014 telephone speech network provides for
direct connection to an electret microphone and to Tip and
Ring. In between, the circuit provides gain, drive capability,
and determination of the ac impedance for compatibility with
the telephone lines. Since different microphones have
different sensitivity levels, different gain levels are required
from the microphone to the Tip and Ring lines. This application
note will discuss how to change the gain level to suit a
particular microphone while not affecting the other circuit
parameters. (2pp)

AN959 A Speakerphone with Receive Idle Mode

The MC34018 speakerphone system operates on the
principle of comparing the transmit and receive signals to
determine which is stronger, and then switching the circuit into
that mode. (2pp)

AN960 Equalization of DTMF Signals Using
the MC34014

This application note will describe how to obtain
equalization (line length compensation) of the DTMF dialing
tones using the MC34014 speech network. (2pp)
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Applications and Product Literature (continued)

AN968 A Digital Voice/Data Telephone Set

This design provides standard analog telephone functions
while simultaneously transmitting 9600 baud asynchronous
data. It is based on Motorola’s MC145422/26 UDLT family of
voice/data ICs which provide 80 kbps full-duplex synchronous
communication over distances up to 2 km. The circuitincludes
a Codecffilter, Data Set Interface and pulse/tone dialer. (7pp)
AN976 A New High Performance Current Mode
Controller Teams Up with Current
Sensing Power MOSFETs

A new current mode control IC that interfaces directly with
current sensing power MOSFETs is described. lts second
generation architecture is shown to provide a variety of
advantages in current mode power supplies. The most
notable of these advantages is a “lossless” current sensing
capability that is provided when used with current sensing
MOSFETs. The discussion includes subtle factors to watch
outforinpractical designs, and an applications example. (8pp)
AN980 VHF Narrowband FM Receiver Design
Using the MC3362 and the MC3363 Dual
Conversion Receivers

The MC3362 and MC3363 narrowband FM dual conversion
receivers feature excellent VHF performance with low power
drain, making them ideal for cordless telephones, narrowband
voice and data receivers and RF security devices. This note
provides a detailed description of the operation of the two
devices, plus circuits and descriptions for four applications: a
Single Channel VHF FM Narrowband Receiver; a Ten
Channel Frequency Synthesized Cordless Telephone
Receiver; a 256 Channel Frequency Synthesized Two-Meter
Amateur Band Receiver; and a Single Chip Weather Band
Receiver. (14pp)

AN983 A Simplified Power Supply Design Using
the TL494 Control Circuit

This application note describes the operation and
characteristics of the TL494 Switchmode™ Voltage Regulator
and shows its application of a 400 W offline power supply.

The TL494 is a fixed-frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (5pp)
AN1002 A Handsfree Featurephone Design
Using the MC34114 Speech Network
and the MC34018 Speakerphone ICs

A comprehensive application note which develops a full
featurephone circuit using the MC34114 Speech Network, the
MC34018 Speakerphone IC and the MC145412 Dialer.
Functions include 10 number memory pulse/tone dialer, tone
ringer, mike mute and line length compensation for both
handset and speakerphone operation. Options include

*Indicates New Document

line-powered circuit, line-powered circuit with booster for long
lines, and external supply-powered. Includes glossary of
telephone terms. (18pp)

AN1003 A Featurephone Design, with Tone
Ringer and Dialer, Using the MC34118

Speakerphone IC

This application note describes how to add a handset, dialer
and tone ringer to the MC34118 speakerphone circuit.
Although any one of several speech networks could be used
as an interface between the MC34118 and the phone line this
application note covers the case where simplicity and low cost
are paramount. Two circuits are developed in this discussion:
line-powered and supply-powered versions. (13pp)

AN1004 A Handsfree Featurephone Design
Using the MC34114 Speech Network

and the MC34118 Speakerphone ICs

Complete designs for a featurephone providing 10 number
memory, pulse or tone dialling, tone ringer, microphone
muting, and line length compensation for both handset and
speakerphone operation. Includes line-powered, line-
powered plus long-line booster, and supply-powered
versions. The MC34114 interfaces with tip and ring and
provides 2-to-4 wire conversion. (18pp)

A\
AN1006 Linearize rfv\e Volume Control of the
MC34118 Speakerphone

A single resistor added to the volume control potentiometer
inan MC34118 speakerphone application will almost perfectly
linearize the control law. (1pp)

AN1016  Infrared Sensing and Data Transmission

Fundamentals

Many applications need electrical isolation, remote control
or position sensing. Infrared light provides an excellent
solution due to its low cost, ease of use, availability of
components, and freedom from the licensing and interference
concerns of RF techniques. This note is a brief but informative
reference on the design principles for IR systems, including a
selection of receiver circuits. (6pp)

AN1019  NTSC Decoding Using the TDA3330, with

Emphasis on Cable In/Cable Out Operation

The TDA3330 is a Composite Video to RGB Color Decoder
originally intended for PAL and NTSC color TV receivers and
monitors — so its data sheet concentrates on picture tube
drive. This practical application note supplements the data
sheet by providing circuits for video cable drive as used in
video processing, frame store and other specialized
applications, and expands on TDA3330 functional details.
Includes PCB artwork and layout of an evaluation board. (8pp)
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Applications and Product Literature (continued)

AN1040 Mounting Considerations for Power

Semiconductors

The operating environment is a vital factor in setting current
and power ratings of a semiconductor device. Reliability is
increased considerably for relatively small reductions in
junction temperature. Faulty mounting not only increases the
thermal gradient between the device and its heatsink, but can
also cause mechanical damage. This comprehensive note
shows correct and incorrect methods of mounting all types of
discrete packages, and discusses methods of thermal system
evaluation. (20pp)

AN1044  The MC1378— A Monolithic Composite
Video Synchronizer

The MC1378 provides an interface between a remote
composite color video source and local RGB. On-chip circuitry
can lock a local computer to the remote source, switching
between local and remote signals to generate composite
video overlays. This detailed note describes local and remote
operation; picture-in-picture applications and the design of
test fixtures to help system development. Printed circuit
artwork for an evaluation board is provided. The NTSC/PAL
color encoder is similar to the MC1377, discussed in detail in
AN932. (13pp) '

Three Piece Solution for/’BrushIess Motor
Control Design (Rev. 1)

Until recently, the design of compéct but comprehensive
circuits taking full advantage of the unique attributes of
brushless DC motors has been difficult, while available power
transistors have not always performed as well as is necessary
for the application. This high-performance three-chip solution
couples the rugged MPM3003 three phase MOSFET bridge
(in a 12-pin power package) with the MC33035 Brushless DC
Motor Adapter. Design is simplified, board area reduced. Full
circuit, parts list, and discussion of practical considerations.

(10pp)

AN1077

AN1046

Adding Digital Volume Control To
Speakerphone Circuits

Describes how to control speakerphone volume from UP
and DOWN switches in place of the more usual potentiometer.
Includes a fully annotated circuit using only three standard
CMOS ICs and no critical components. (4pp)

AN1078 New Components Simplify Brush DC
Motor Drives

A variety of new components simplify the design of brush
motor drives. One is a brushless motor control IC which is
easily adapted to brush motors. Others include multiple Power
MOSFETs in H-Bridge configuration, a new MOS turn-off
device, and gain-stable opto level shifters. Several circuits
illustrate how the new devices can be used in practical motor
drives, in particular to control speed in both directions and
operate from a single power supply. (6pp)

*Indicates New Document

AN1080  External-Sync Power Supply with Universal

Input Voltage Range for Monitors

As the resolution of color monitors increases, the
performance and features of their power supplies becomes
more critical. EMI/RFI generated by switching power supplies
can adversely affect resolution if switching frequency is not
synchronized to horizontal scanning frequency. This 90 W
flyback switching supply demonstrates the use of new high
performance devices in a low cost design, and includes a new
universal input voltage adapter. (20pp)

AN1081  Minimize the “pop” in the MC34119

Low Power Audio Amplifier

Sometimes a “pop” is heard in the loudspeaker when the
MC34119 audio amplifier is re-enabled. There are several
possible causes, but this note offers a simple and low cost
remedy to satisfy the most demanding user. (3pp)

AN1101  One-Horsepower Off-Line Brushless

Permanent Magnet Motor Drive

Brushless Permanent Magnet (BPM) motors (brushless DC
motors) using MOSFET inverters are common in low voltage,
variable speed applications such as disk drives. Higher
voltage off-line applications can also use the same
technology, but there have been problems in designing a
reliable, low cost high side driver and understanding the more
subtle effects of diode snap and PCB layout. This
one-horsepower off-ine BPM motor drive board uses
opto-isolators and a special MOSFET turn-off IC for level
translation. Includes PCB artwork and parts list, and a
discussion of the theory. (10pp)

AN1108  Design Considerations for a Two Transistor,

Current Mode Forward Converter

This design for a 150 W, 150 kHz, two transistor, current
mode forward converter illustrates solutions for noise control,
feedback circuit analysis and magnetic component design —
topics that often create the most problems for designers.
Improved Schottky rectifiers, power MOSFETs and

v optocouplers —and their effects on switchmode power supply

design— are also considered. Includes circuit, analysis, parts
list and theoretical discussion. (11pp)

AN1122  Running the MC44802A PLL Circuit

The MC44802A provides the Phase-Locked-Loop (PLL)
portion of a tuning circuit intended for TV, FM radio and set-top
converter applications up to 1.3 GHz; acomplete tuning circuit
is formed by adding a Voltage Controlled Oscillator (VCO) and
mixer. The data sheet recommends use of an MCU for sending
the control bytes that set the tuning frequency. This note
describes a serial (12C) interface with an MC68HC11E9 in a
tuner design — the information is sufficiently general to allow
almost any MCU to be used. Includes M68HC11 program
listing. (12pp)
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Applications and Product Literature (continued)

*AN1126  Evaluation Systems for Remote Control
Devices on an Infrared Link

The availability at low cost of remote control devices and
infrared communication links provides opportunities in many
application areas. This note gives information for constructing
the basic building blocks to evaluate both IR links and the most
popular remote control devices. Schematics and single-side
PCB layouts are presented that should enable the designer
quickly to put together a basic control link and evaluate its
suitabiiity for a given application in terms of data rate, effective
distance, error rate and cost. Sources for special parts are also
given. (10pp)

AN1203 A Software Method for Decoding the Output
from the MC14497/MC3373 Combination

Infrared communication is now widely used as a simple and
effective means of remote control over short distances. A
variety of encoding methods is used, including the biphase
scheme implemented by the MC14497, a complete building
block for IR data transmission. The MC3373 is a companion
receiver chip to the MC14497, providing front-end processing
to interface a photo detector to a TTL level. This note
describes the decoding of the data at the output of the
MC3373, along with software listings for the MC68HC11 and
the MC68HCO05. (5pp)

AN1300 Interfacing Microcomputers to Fractional
Horsepower Motors

In fractional horsepower motion control systems, command
signals are usually now generated by a microprocessor or
digital signal processor, while power is applied with MOSFETs.
The interface between the two can still present difficulties; for
small motors it will be, typically, 5.0 V logic to complementary
P-Channel/N-Channel MOSFET H-bridges. A number of
factors need to be considered, including diode snap, group
bounce, noise suppression and locking outinvalid inputs. The
design discussed here is embodied in evaluation board
DEVB1083. (8pp)

AN1301 Interfacing Analog Inputs to Fractional
Horsepower Motors

In many types of systems it is desirable to control motor
speed with an analog signal. Even in digital systems, itis often
cost effective to generate an analog signal from static speed
control bits or a lower frequency PWM signal than to use a
more expensive MCU capable of generating a 20 kHz+ PWM
signal directly. Although recent developments have simplified
analog input conversion and power MOSFET outputs, the
interface between signal processing circuits and power
outputs is still far from simple. This note discusses the issues
using the DEVB118 evaluation board as an example design.
(9pp)

AN1306  Thermal Distortion in Video Amplifiers

Thermal distortion is a problem in many high resolution
video amplifiers. It occurs when there are instantaneous
power changes in the transistor stages, and if the problem
remains uncompensated, this ieads to the visual effect known
as smearing. This note discusses what smearing is, what

*Indicates New Document

causes thermal distortion, how to measure it, and how to
compensate for it. (5pp)

*AN1307 A Simple Pressure Regulator Using
Semiconductor Pressure Transducers

Semiconductor pressure transducers offer an economical
means of achieving high reliability and performance in
pressure sensing applications. The completely integrated
MPX5100 (0 psi to 15 psi) series provides a temperature
compensated, high level linear output suitable for interfacing
directly with many linear control systems. This circuit
illustrates how the MPX5100 can be used with a simple
pressure feedback system based on the MC33033 Brushless
Motor Controller to establish pressure regulation. Includes
circuit diagram and PCB artwork. (7pp)

*AN1510 A Mode Indicator for the MC34118
Speakerphone Circuit

Withinthe MC34118 are two comparators driven by the level
detectors which are sensing the speech signals (see
MC34118/D Data Sheet, Figure 24). The comparators’
outputs drive the attenuator control block which sets the
operating mode. (2pp)

ANE424 50 W Current Mode Controlled Offline
Switch Mode Power Supply Working
over 50% Duty Cycle using the UC3842A

Switchmode power supplies based on flyback architecture
and voltage-controlled PWM techniques are well established.
This note describes a way of improving their dynamic
characteristics using a Current Controlled PWM technique. A
dedicated bipolar IC, the UC3842A Off-Line Current Mode
PWM Controller, performs the current control, regulation and
safety features. Full analysis of transformer and other
components, plus discussion of the instability inherent in the
current control mode. (27pp)

ANHKO2 Low Power FM Transmitter System
MC2831A

This application note provides information concerning the
MC2831A, a one-chip low-power FM transmitter system
designed for FM communication equipment such as FM
transceivers, cordless telephones, remote control and RF
data link. (16pp)

Article Reprint Abstracts

AR301 Solid State Devices Ease Task of Designing

Brushless DC Motors

Brushless fractional-horsepower DC motors are gaining in
popularity over brush type motors. Their characteristics are
similar but they avcid the practical problems associated with
brushes. In the past control complexity has made them less
attractive, but dedicated control ICs like the MC33034, plus
current-sensing power MOSFETs, mean that much of the
control and protection electronics is available off the shelf.
(EDN, 3 September 1987) (7pp)
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Applications and Product Literature (continued)

AR323 Managing Heat Dissipation in DPAK

Surface Mount Power Packages

Physically smaller than a lead-formed TO-220, the DPAK
was introduced to accommodate larger die than in previously
available SM packages like the SOT-89. But larger die implies
increased heat dissipation. New board materials and good
circuit design ensure that DPAK Power MOSFETSs can readily
switch at their full pulse current ratings.

(Powertechnics, December 1988) (4pp)

AR340 The Low Forward Voltage Schottky

As feature sizes are scaled down in very high density
circuits, it will be necessary for the standard power supply
voltage to be reduced from 5.0 V to 3.3 V within the next few
years to avoid degrading performance in the new devices.
Also, greater power supply efficiency will be required if the
power supply is not to occupy a disproportionate amount of the
total system volume. Since the major power loss in switching
power supplies is in the output rectification circuits, more
efficient rectifiers are needed. Schottky rectifier technology
shows the greatest potential. (Powertechnics, May 1990)

(3pp)

Engineering Bulletin Abstracts

Get 300 Watts EPE Linear Across 2 to
30 MHz from this Push-Pull Amplifier

Includes circuit, PCB artwork and layout for a 300 W
push-pull linear amplifier based on two MRF422s, designed to
operate over the 2.0 MHz to 30 MHz band. An MC1723 voltage
regulator is used as a bias supply. (4pp)

*EB27A

EB85A

A useful selection chart presenting preferred Bipolar,
power MOSFET, Rectifier and Control devices for various
areas of typical 500 W to 1000 W full-bridge switching power

supplies. (1p)

Full-Bridge Switching Power Supplies

EB112 The Application of a Telephone Tone

Ringer as a Ring Detector

Telephone ringers are driven by high voltage, low frequency
AC signals which are superimposed on the 48 V DC Tip-Ring
feed voltage. An electronic ring detector must sense the
presence of an AC signal on the line and produce a
dielectrically isolated logic level to the system processor. (2pp)

EB123 A Simple Brush Type DC Motor Controller

A simple and cost effective way to drive brush type DC
motors is to use power MOSFETs with a Brushless DC Motor
Control IC. The low cost MC33033 controller and integrated
8.0 A/100 V MPM3002 H-bridge combine to give a minimum
parts count brush motor drive. (2pp)

*Indicates New Document

EB124 MOSFETs Compete with Bipolars in Flyback

Power Supplies

Power MOSFETs with 400 V to 500 V breakdown ratings are
widely used in multiple-transistor off-line power supplies. Now
they can be used in flyback supplies as well, as breakdown
voltages are extended to 1000 V. A discussion of the
advantages and disadvantages, illustrated with typical 100 W
MOSFET and Bipolar designs. (2pp)

EB126 Ultra-Rapid Nickel-Cadmium Battery
Charger

Charging NiCad batteries is a particular problem when their
voltage exceeds the voltage of the available charging source.
The ultra-fast charger presented here is capable of charging
eight to twelve 1.5 V batteries at 1.2 A to 1.8 Ain 30 to 45
minutes froma 10 V to 14 V source — a feat made possible by
the use of new sintered electrode technology by battery
manufacturers. Includes PC artwork and layout. (3pp)

EB128 Simple, Low-Cost Motor Controller

This low cost DC motor controller uses the cost effective
MPM3002 SENSEFET-based H-Bridge, plus the MC34060
PWM IC. Itis capable of driving a 1/3 HP, permanent magnet
90 V DC motor, and includes dynamic braking and Soft-Start.
(2pp)
EB142 The MOSFET Turn-Off Device — A New
Circuit Building Block

Technical developments have lead to a variety of discrete
devices using circuit integration to reduce system cost and
board space, while offering some performance improvement
over conventional solutions. The first of these new
components —dubbed SMALLBLOCK™ —is a building block
that simplifies and reduces the component cost of an active
gate-turn-off network for current-source driven MOSFETs. Itis
available in TO-92, SOT-23 and SOT-223 packages. (8pp)

Product Literature

DL136/D Telecommunications Device Data

HB206 Linear & Switchmode Voltage Regulator
Handbook (See Back of Chapter 3)
(Out of Print)

SG56/D TMOS Power MOSFET Selector Guide /
Cross Reference

SG73/D Master Selection Guide

SG79/D SWITCHMODE — A Designer’s Guide for
Switching Power Supply Circuits and
Components

SG96/D Linear/Interface ICs Selector Guide
Selector Guide and Cross Reference

SG98/D Linear Telecom Cross Reference

SG127/D  Surface Mount Products Selector Guide

SG368/D  Video Capture Chip Sets Selector Guide
(See Front of Chapter 9)

SG410/D  Applications & Product Literature Selector

Guide / Cross Reference
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