





Cobalt rare-earth high energy

permanent magnets

N. A. ANDERSON

Rare-earth cobalt is the cheapest of the super-performance
permanent-magnet materials currently available. Its very
high stored energy, combined with high coercivity and low
temperature coefficient, results in permanent magnets with
the small size and high performance needed to complement
the increasing miniaturisation of electronic components.
Since their introduction some 15 years ago, rare-earth
cobalt materials have opened new applications for perma-
nent magnets, solving problems for which older materials
proved unsuitable. Moreover, their unique characteristics
have altered the design of many traditional transducers,
reducing volume and increasing efficiency. The high coer-
civity of these materials allows for very short magnetic
lengths, whereas their high remanence oftcn makes the use
of mild-steel pole pieces for flux concentration unnecessary.

COMPOSITION AND MANUFACTURE

Rare-earth cobalt materials now available under the designa-
tion RES are intermetallic compounds of cobalt and the
rare-earth element samarium. Three versions are currently
available: RES 160, RES 190 and RES 220. RES magnets
are made by pressing and sintering, a process similar to that
used for Ferroxdure hard ferrites.

A powder of the alloy is first compacted in a die. At this
stage, the magnetic properties in the final magnetising
direction are enhanced by aligning the material particles by
means of an external magnetic field. The compacts are then
sintered in a controlled-atmosphere furnace. After sintering,
the magnets are heat-treated to optimise their properties.

During sintering, RES magnets shrink. The amount of
shrinkage depends on, amongst other things, their size and
shape. Some variation in dimensions results, so, for close
tolerances, important surfaces are ground.

TABLE 1
Principal properties of RES rare-earth cobalt permanent
magnet materials (typical values)

property symbol RES160 RES190 RES220* unit
remanence B; 810 890 950 mT
coercivity Hep 600 670 710 kA/m
Egl?:f:t‘f“ Hey >1100  >1100  >1100 kA/m
maximum BH g,y ok 128 154 176 k/m?

product

* only for certain shapes.

PROPERTIES

Magnetic characteristics

The B-H characteristics of all grades of RES materials are
substantially linear in the second quadrant of the hysteresis
loop, as shown in Fig.1. This property, combined with a
recoil permeability of around 1.05 and very high polarisa-
tion coercivities, makes for stable operation and gives the
designer considerable freedom.

RES 160, RES 190 and RES 220 differ only in their
guaranteed By and (BH)mpax values.

Effect of temperature

The principal effect of increasing temperature on the
performance of RES is a decrease of useful flux at the
working point. Depending on the thermal history of the
magnet, the loss may be reversible or irreversible.
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Multiple loudspeaker arrays using

Bessel coefficients

W.J. W.KITZEN

Stereo aside, if you want to fill an auditorium with high-
fidelity sound, you have a choice: one large loudspeaker or
an array of smaller ones. Single loudspeakers capable of
radiating 200 W or more are usually expensive and cumber-
some. An array of smaller ones is usually easier to install
and cheaper. However, such arrays do have certain draw-
backs — at least in the form they have generally taken until
now.

An array of N loudspecakers connected in parallel and in
phase can radiate N? times as much power as a single loud-
speaker at very low frequencies, but only N times as much
at high frequencies. The power response of the array is
therefore quite different from that of thesingle loudspeukers
that compose it. This is due to the increased directivity of
the array; whereas the radiation pattern of a single loud-
speaker is reasonably omnidirectional, usually up to at least
a few kilohertz, that of an array is so only at low frequen-
cies. At high frequencies it becomes much more directive;
moreover, the directivity varies considerably with frequency.
Audience members seated away from the axis of the array
therefore perceive a quite different tonal balance from
those seated on-axis.

These shortcomings can be remedied, at some expense to
power radiation, by correctly proportioning the drive to the
individual speakers of the array. The required proportioning
coefficients are based on Bessel functions.

BESSEL COEFFICIENTS

Consider an array of 2N+ 1 speakers equidistantly spaced in
a straight line (Fig.1) and driven by a common signal multi-
plied by coefficients (a_n.a_N+]. .. -3Q.-.-aN_]-3aN)
peculiar to each speaker. Assume that

— the point of observation P is in the far-field region of
each speaker

— the radiation of each speaker is not influenced by the
others

— all speakers have the same frequency and directional
response A (w, 9).

The sound pressure at P is then given by
N
p(w,0)=A(w,0) £ apexp(jnx)
n=-N

where
_wlsinf
- v

w = radial frequency of the sound

v =velocity of sound

] = distance between speakers.

I SOURCE |

coefficients
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Fig.1 Linear array of 2N—1 uniformly spaced loudspeakers
driven from a common signal source via individual propor-
tioning coefficients
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LOUDSPEAKER ARRAYS USING BESSEL COEFFICIENTS

OTHER APPLICATIONS

Bessel coefficients can also be applied to microphone arrays ] DELAY LINE
and artificial reverberation systems. Figure 9 shows an
element of a reverberation system in which signals taken
from a delay line tapped at equal intervals are added to-
gether after being multiplied by Bessel coefficients to give a
flat amplitude response.

adder circuit
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I’C bus in consumer applications

A.MOELANDS

Much of today's consumer-oriented electronic equipment
contains at least one controller, usually a microcomputer,
and a number of standard and dedicated integrated circuits
for storing and displaying data. and for performing digital and
analogue circuit functions. There are. of course, many ways
of linking the internal circuit assemblies and interfacing the
peripheral ICs with the microcomputer(s), but it’s obviously
of great benefit to equipment designers and manufacturers
if the control interface is simple, standardised and facilitates
equipment upgrading or conversion to unit construction.
This is why we developed our Inter IC (12C) bus and have
included the hardware interface for it in a wide range of
ICs for applications such as tv sets, video equipment, audio
units, radios. telephones and automotive electronics.

The 12C bus is structured for economy, efficiency and
versatility. Since data throughput for control functions is
low, it transfers the control data serially in either direction
at a rate of up to 100 kbits per second. This requires only
two wires; one for the data and one for the system clock, so
few IC pins and only simple print-board wiring and inter-
board connectors are needed. Consequently, it doesn’t limit
the scale of integration per [C package and it reduces costs
and board space. Furthermore, the I12C bus is a true multi-
master bus so that control can be assumed by more than
one of the ICs connected to it. To avoid loss or corruption
of information. a unique address is allocated to each IC and
the bus protocol incorporates an arbitration procedure to
decide control priorities. When ICs with fast clocks commu-
nicate with others with slow ones, the protocol effectively
synchronises the system clock by defining the clock source.

The 12C bus supports a wide range of microcomputers
and peripheral ICs manufactured in many different semi-
conductor technologies and, since engineers and equipment
manufacturers find it a powerful tool for system design and
product development, it’s fast becoming accepted as an in-
dustry standard.

BUS REQUIREMENTS

Serial Bus Information Transfer

The transfer of digital data within the equipment should be
by way of a 2-wire serial bus which consists of a data line
and a clock line. This decreases interconnection costs be-
cause printed-circuit boards are simplified and only two
interconnection wires are required where functions are far
apart as in modular equipment. For example. when the
tuning function in a tv set is on the main pcb, and the
control function and display is on the front panel. Connec-
tor costs for inter-board links are also reduced.

Another advantage of a 2-wire serial bus is that it only
requires two pins on the IC. This leaves more pins available
for achieving a greater degree of integration within each IC
or allows package costs to be reduced by permitting the use
of smaller packages.

Bidirectional Information Transfer

The scrial bus must permit bidirectional data transfer. This
requirement follows directly from the functional require-
ments of the system. For example, in a tv set, a non-volatile
memory which contains the channel numbers or preferred
analogue settings must be both read and written via the bus.

Binary Addressing of ICs

Modules or ICs must each have a unique binary address be-
cause there is no enable line in a two-wire system. This leaves
more [/O available on the controller for other purposes.

Acknowledgement of Reception

The bus system must allow the receiving device to acknow-
ledge reception of a message. This enables checks to be
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made on the transfer of data and allows a master controller
to determine the configuration of the system under control.

Multi-master Operation

It is essential for the bus system to allow multi-master op-
eration. A master device is one that can initiate a data trans-
fer. Multi-master operation allows more than one device to
assume control of the bus to start a transfer. However, an
arbitration system must be incorporated to ensure that in-
formation is not lost or corrupted when more than one
master tries to simultaneously control the bus.

With multi-master operation there is no need for a cen-
tral master (usually a microcomputer) to control all the
functions. This means that incorporation of additional fea-
tures or conversion of the system to a modular form will
not affect the original system. The extra controls and soft-
ware are contained within an additional master-controller
which is simply clipped onto the bus.

Whereas with single-master operation the central control-
ler has to transmit data continually, the controllers in a multi-
master system need only transfer data of mutual importance.
This reduces the data carried on the bus and allows the bus
to be used more efficiently. In a multi-master system, with
its inherent distributed intelligence, real-time interrupts can
be handled locally and therefore, interrupts need not affect
the whole system.

Multi-master operation also simplifies diagnostic proce-
dures during which an additional master can be temporarily
connected to the bus to implement programming or align-
ment routines.

Low-priced Slave Interface Implementation

Another important requirement is that the bus system must
allow inexpensive hardware implementation of a slave inter-
face. A slave is a device controlled by the current master.

The cost of the hardware interface to the bus is of para-
mount importance because it applies to each IC connected
to the bus. For example, the interface should not require
an internal oscillator in the slave because it would be re-
dundant for many functions.

Standardised Protocol

The bus protocol must be standardised to allow a modular
build-up of software.

THE I12C BUS

Definition of 12C bus terminology

Transmitter — The device which sends data to the bus

12C BUS IN CONSUMER APPLICATIONS

Receiver — The device which receives data from
the bus

Master — The device which initiates a transfer,
generates clock signals and terminates
a transfer

Slave — The device addressed by a master

Multi-master — More than one master can attempt to

control the bus at the same time with-
out corrupting the message

Arbitration — Procedure to ensure that if more than
one master simultaneously tries to con-
trol the bus, only one is allowed to do
so and the message is not corrupted.

The 12C bus meets all the previously described requirements:

— It is a 2-wire serial bus consisting of a clock and a data
line.

— It allows bidirectional data transfer.

— It is a real multi-master bus which means that more than
one device capable of controlling the bus can be connect-
ed to it. Each master generates its own clock.

— Each IC has a unique 7-bit address and can operate as a
receiver or transmitter.

~ ICs can be considered as masters or slaves when perform-
ing data transfers.

— An arbitration procedure prevents corruption or loss of
data when masters are competing for use of the bus.

— The first byte of a transfer contains the 7-bit slave ad-
dress. The least significant bit of this byte is a direction
bit.

— Every byte transferred is acknowledged by the receiver.

— The slave interface implementation is simple and inex-
pensive.

— The protocol is standardised.

Another feature of the 12C bus is that any master can
operate the bus at its own speed as long as it does not ex-
ceed 100 kbits/s. Consequently the data transfers are asyn-
chronous and the clock is only generated by each master as
long as it is in control of the bus. If more than one master
attempts to gain control of the bus simultaneously, a system
clock signal is derived from the clocks of the active masters.

The input levels of the I2C bus have been designed with
a view to protecting the ICs against line transients. For ex-
ample, in a tv set, series resistors of up to 3002 can be used
to protect the ICs against high voltage spikes on the data
and clock lines due to flash-over of a television picture tube.

The maximum number of devices which can be driven
from the bus is only limited by the maximum bus capaci-
tance of 400 pF. The bus can therefore be up to 3 or 4 me-
tres long.
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This publication gives quality data, both conformity and
reliability, for the range of high-voltage power transistors in
Table 1. Symbols for quantities used are those in our Data
Handbook and are based on the recommendations of IEC
Publication 148. Ratings are defined in accordance with
IEC Publication 134 reliability definitions arc those of IEC
Publication 271.

TABLE 1
High-voltage power transistor types discussed in this note

VCEO max  Ptot max

type no. package ™) w) hrg
BU426 SOT-93 375 70 30 (typ.)
BUX80* TO-3 400 100 30 (typ.)
BUSI11/11A TO-3 400/450 100 17 (typ.)
BUS12/12A TO-3 400/450 125 17 (typ.)
BUS13/13A TO-3 400/450 175 17 (typ.)
BUS14/14A TO-3 400/450 250 17 (typ.)
BUS5S08A SOT-93A 700 125 >2,5
BU208A* TO-3 700 80 >2.5

* Maintenance types.

FOUNDATIONS OF QUALITY

Specifying quality

Quality is the fitness for use of a product and so has two
essential attributes: fitness for use initially, conformance to
specification, or conformity; fitness for use for a period of
time, reliability. The practical measure of conformity can
be either AQL (in %) or reject level (in ppm — parts per
million). Reliability is generally expressed in terms of failure
rate. The usual unit is failures per million device-hours
testing.

Both conformity and reliability data for batches of new
devices are necessarily predictions, based on measurements
carried out on samples, reinforced by experience of identical
production. Such quality data, to be realistic, need to be
supported by a confidence level: a statement of the prob-
ability that the data will apply to the bulk production from
which the samples were taken. For AQLs, the confidence
level depends on the inspection level. For ppm reject levels,
the confidence level depends on the number of devices in-
volved. Observed failure rates are adjusted (increased) so
that a predetermined confidence level applies, usually 60%.

Applying quality
Quality experienced by an OEM (Original Equipment
Manufacturer) in equipment production and service depends

HIGH-VOLTAGE POWER TRANSISTOR QUALITY

on the proper application of high-quality components. With
specialized devices like high-voltage transistors this is
especially important. Manufacturer’s recommendations for
operating conditions should be followed closely, parti-
cularly with regard to heatsinking, SOAR and, especially,
base-drive conditions. Cooperation between device manu-
facturer and OEM on device specification and application
usually results in improved quality experienced in finished
equipment.

Testing is not enough

Testing alone cannot ensure high product quality. The main-
tenance of high quality, or the progressive improvement in
quality that circumstances now demand, requires that the
results of testing and the analysis of rejects are fed back so
that corrective action can be taken to eliminate design faults
and deviations in processing conditions. Ideally, OEM and
service experience of the product should be included in this
feedback loop so that quality optimization is application
oriented.

Quality must be built in

In order to achieve high quality in our high-voltage power
transistors, we involve the Quality Department at the earliest
possible stage in the development of a new device. Process
technology and materials are selected to provide the maxi-
mum quality in the intended application. Evaluation of pre-
production samples by the Quality Department ensures that
design quality requirements are met before full-scale pro-
duction is approved.

Once in production, zero-defect-oriented line inspection
and quality-control gating ensure that only good devices
pass for further processing. Our new glass-passivation tech-
nology for high-voltage transistors allows on-slice testing: a
valuable aid to line inspection.

Following the 100% final electrical test — which includes
a fast thermal-resistance measurement to check die-bond
integrity and, thus, SOAR performance — all batches are
routed to the Quality Department for Acceptance Testing.
Samples are taken and subjected to a wide variety of tests
that monitor all aspects of device quality. Parameter checks
reinforce and prove the final electrical tests. Mechanical
and climatic tests explore the structural integrity of the
devices and their resistance to environmental conditions.
Finally, endurance tests carried out under Absolute-Maxi-
mum Rating conditions probe device reliability.

Normal endurance test durations are 168 h, to measure
early-failure level, and 1000 h. Some tests are prolonged for
up to 10000h to check the validity of the shorter-test
results. It is the accumulated information from three years
Acceptance Testing that forms the basis of this publication.
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Plastic-encapsulated devices (SOT-32, TO-220, SOT-93 and
SOT-93A packages) are subjected to the following test
sequence,

— Visual inspection.

— Soldering heat: device leads are immersed in a solder
bath at 300 °C to within Smm of the body for 11s.

— Moisture resistance: 10 cycles in which relative humidity
and temperature vary from 95% at 25 °C to 55% at 65 °C
over 24 h.

— Temperature cycling: 15 minutes at —65 °C followed by
15 minutes at +150 °C; 10 and 100 cycles.

— Drop test: devices are dropped 75 cm onto a hard surface
3 times.

— Electrical measurement according to type.

Table 3 gives the failure criteria for Complete failures as
defined in IEC Publication No. 271, for our range of high-
voltage power transistors in this test sequence.

TABLE 3
Definitions of complete failure for high-voltage power tran-
sistors measured during and after mechanical and environ-
mental testing and endurance testing

characteristic completc failure limit

VCE sat

VEBO } twice published limit or flutter

VcBo

IcBO ten times published limit at VCB max and high
} temperature, or, if less, a value less than that

ICEX which could causc thermal runaway

IEBO ten times published limit at VEB max and high

tempcrature
Rthj-mb twice published limit
mechanical broken leads, cracks in envelope and, for metal

envelopes, lack of hermeticity.

Test results

Table S (Appendix) gives the Complete failures detected
during Mechanical and Environmental Acceptance Testing
of our high-voltage power transistors for the period 1980
to 1982.
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HIGH-VOLTAGE POWER TRANSISTOR QUALITY

TABLE 4
Analysis of early-failure and failure-rate data from
Tables 7 and 8

Note: all data corrected to a confidence level of 60%.

early failures failure rates at maximum ratings

device type at maximum

ratings (1000 h tests) (> 1000 h tests)
BU208A* <0,1% 1,3x 10°¢ 0,7 x 107
BU426A 0,63% 2,2x 107 8,2 107
BUX80* <0,1% 3,6 X 107¢ 3,5x 107
BUS 11 to 14 0,14% 3,75 x 107 new types:
BUS08A 0,3% 1,7 x 107 no data

* maintenance types.

TABLE §
Results of mechanical and environmental tests performed
on our high-voltage power transistors by Quality Control
during the period 1980 to 1982

1980 1981 1982
type
sample failure  sample failure  sample failure

BU208A* 360 0 250 0

BU426 900 1 900 2 440 1
BUX80* 360 0 120 0 400 0
BUSI1to14 180 2 300 1 260 0
BUSO8A - - 300 1 400 0

* maintcnance types.
Note: failures.arc complete failures as defined in Table 3.

RELIABILITY

The reliability of our high-voltage power transistors is
monitored during Acceptance Testing by endurance tests of
168 h and 1000h duration, supplemented by further tests
of duration up to 10000 h. These tests are generally con-
ducted at Absolute Maximum ratings. as defined in 1EC
Publication No. 134 and given in our Data Handbook.

The tests programme is designed to expose weakness in
device design or construction. Failures are analysed and
data fed back for corrective action. Failures observed at
168 h are predominantly early failures, due to faulty con-
struction. The period 168 h to 1000 h is the beginning of
the constant-failure period and yields results that are a
suitable basis for reliability prediction. Where possible,
results from endurance testing are compared with and sup-
plemented by field experience for reliability-prediction
purposes.
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HIGH-VOLTAGE POWER TRANSISTOR QUALITY

Endurance tests

Table 6 (Appendix) gives the endurance-test conditions for
our high-voltage power transistors. In each sct of conditions,
there is generally at least one that corresponds to an Abso-
lute Maximum Rating for the device in question. Operation
at stress levels that correspond to Maximum Rated condi-
tions not only minimizes the test duration (without in-
troducing the complications associated with over-stressed
accelerated testing) but also ensures that any failure mecha-
nisms associated with the device technology within its
design operating conditions are exposed.

Thus, each test is designed to explore a specific aspect of
device construction. Thermal-fatigue testing exposes any
weak dice, or die and wire bonds. Operation at cut-off
reveals potential instabilities of die surface or passivation.
Tropical cut-off explores the tendency to corrosion of
plastic-encapsulated devices. Dissipation checks other high-
temperature tests, and indicates failure rate at maximum
power operation. High temperature storage checks bond
and encapsulation stability.

Test durations are generally 168 h (1 week) and 1000 h
(6 weeks). Most early failures occur within the first week of
operation under maximum-rated conditions: the period
168h to 1000 h thus corresponds to the beginning of the
constant-failure period. Tests are occasionally prolonged
for up to 10000h to check these assumptions, and to
establish the validity of data from the shorter tests.

Endurance test results

‘Table 7 (Appendix) gives the results obtained from endur-
ance tests performed as part of Quality Department Accept-
ance Testing of our high-voltage power transistors during
the period 1980 to 1982; test durations arc 168h and
1000 h. Both yearly and total results arc given. Although
only complete failures are given in Table 7 (Appendix),
three lower categories of failure are recognized and recorded
during endurance testing: Major and Minor Partial failures.
and Stability failures. These not only allow for a greater
insight into the long-term behaviour of devices in service,
but also provide an carly warning of potential problems in
production.

The results given are those from all batches submitted for
Acceptance Testing, including some batches which were not
cleared for delivery. Thus, the early failure proportion and
failure rates derived from these results are rather less favour-
able than those to be expected from delivered batches.

The way in which routine endurance testing can lead to
process improvements is well illustrated by the test results
for the BU426 in Table 7. The 1980, 168 h, results for both
ac. and d.c. cut off tests show a number of failures. From
1981 onwards these failures disappear. This is due to the
introduction of a production-line leakage-current test
performed at 400 V. Not only are far fewer leakage-prone
devices produced, but data from this testing has been used
to improve the passivation.

Early failures and failure rates

Table 4 gives the early-failure percentage for the 168 h tests.
and the overall failure rates from the 1000 h tests reported
in Table 7; failure rates derived from the longer-duration
tests reported in Table 8 are included for comparison.

Overall, the failure rates arec comparable with those for
low-voltage power transistors at Absolute Maximum Rating
operation as reportcd in Ref. 1 and 2. Detailed examination
of Tables 7 and 8 shows that plastic-encapsulated devices
with gold-silicon eutectic dic bonds showed no failures
after between 1.2 and 2 million device-cycles testing.
Moreover, the tight process controls applied to the alloy
die bonds resulted in instances of zero failures in up to 1 4
million device-cycles testing.

TABLE 8
Results of endurance tests of greater than 1000 h duration

on our high-voltage power transistors during the period
1977 to 1981

BU208A BU426 BUX80
fest Nt* CF Nt CF Nt CF
dissipation | 120 0 80 0
dissipation II 80 0
thermal fatigue 80 0 80 2 60 1

90 15*
cut off d.c. 120 0 240 1 20 0
cut off a.c. 120 O 240 3 20 0
tropical d.c. 100
forward current 60 0 80 0
high tempcrature storage 530 0 240 O 230 0
practical circuit 160 O

* test extended to end of uscful life (various failures).

Not counted in failure rate calculations.

Reliability in service

The conditions under which our high-voltage power tran-
sistors are tested arc such that the results obtained can be
used as the basis for the prediction of reliability under
normal service conditions. In essence, the method of
prediction is to correct the failure rate obtained from en-
durance testing by factors that reflect the difference in
stress levels between test and service conditions.

In practice, a number of derating factors are used,
depending on the type of application and service environ-
ment. A system of failure-rate determination using a large
number of these factors is given in MIL-HDBK-217C. A good
insight into the probable failure rate in normal industrial or
consumer applications can be obtained by considering
temperature and operating voltage only. Temperature
determines the rate at which failure mechanisms develop,
according to Arrhenius’ Law; operating voltage accelerates
the development of die surface instabilities or the migration
of any ionic impurities trapped in the passivation.
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LIQUID CRYSTAL DISPLAYS

polariser
(P = direction
ot polarisation)
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molecular
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backplane
electrode
(lines show
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Fig.1 (a) The polarisation plane of light entering an un-
energised part of an LCD is turned 90° by the twisted nematic
crystal and so passes through the front polariser. (b) In an
energised part, the polarisation plane is unaffected by the
realigned crystal, so the light is blocked by the front polariser.
" The thickness of the liquid crystal layer is 6-10 um

VIEWING MODES
LCDs can be used in three modes:

transmission mode in which the display is lit from behind
(Fig.2(a)). Artificial light sources are usually used but
uniform illumination is essential. Negative display (bright
segments on a dark ground) is best suited to this mode.
Transmissive LCD displays can also be projected., like slides.

N (O U O

! \ 7 \ 7/

I tco ] [ LCD | i LCD ]
f !
TRANSMISSIVE REFLECTIVE TRANSFLECTIVE
(a) (b) {c)
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Fig.2 The three LCD viewing modes

reflective mode in which the LCD is backed by a diffuse
reflector, such as brushed aluminium foil, that reflects
ambient light through the display (Fig.2(b)). This mode

segment clectrodes
(lines show direction
of surface treatment)

cell wall (glass)

polariser
(P = direction of
polarisation)

VA
T

incident light M0936.A

(a) (b)

exhibits high contrast and is most suited to use where
ambient light is always available. Because no energy is
needed for a light source, LCDs operating in this mode are
especially suited to battery operated equipment.

transflective displays, a compromise between the other two,
are used where the display is to be viewed under all lighting
conditions (Fig.2(c)). The transflector, a partially trans-
missive reflector, reflects ambient light as well as diffusing
back-lighting for night use.

COLOURED TN DISPLAYS

Colour can be introduced into a TN display in three basic
ways: colour selective polarisers, coloured filters and
coloured back-lighting. Colour selective polarisers produce
coloured segments on a bright background, or vice versa.
Videlec* has approved red, green and blue colours for
applications in standard and extended temperature ranges.

Coloured filters may either be of foil or printed on the
display. Coloured filters work better with back-lighting and,
as with coloured back-lighting, are best used with trans-
missive, negative image LCDs (light segments on a dark
ground). Unenergised, the segments appear dark like the
background. Switched on, the active area becomes a window
through which the coloured light shines.

*Sec page 242
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Fig.7 Response times of an extended temperature range LCD
as functions of temperature. Vop = 45V at 100 Hz.
Direct drive

USING LCDs

Equivalent circuit

Figure 8 is a simplified equivalent circuit of an LCD. To
avoid electrochemical reactions that shorten the life of the
display, the drive voltage must be an alternating one whose
effective amplitude is not much greater than the saturation
voltage Vgat: the maximum permissible d.c. component
is 100 mV.

The lower frequency limit of the drive voltage is set by
the onset of flicker at about 30 Hz. Between 30 Hz and
1kHz an LCD can be regarded as a capacitive load. At
30 Hz and a drive voltage of 4.5V r.m.s., the current con-
sumption is about 1.5 uA per square centimetre of activated
area; this increases linearly with frequency. The current
consumption sets a practical upper frequency limit of about
200 Hz.

7291214

Fig.8 Simplified equivalent circuit of an LCD. Rq is the series

resistance of the electrodes, Ry the series resistance of the

liquid crystal and C the interelectrode capacitance. Typical
values are R1 = 10 k2, R = 1 MQ/ecm?, C = 1.5 nF/cm?
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Direct drive

In direct drive the back-plane electrode is common and each
display segment is connected directly to a corresponding
terminal of the driving electronics. Figure 9 illustrates a
phase-switching arrangement commonly used with direct
drive. Here, a square-wave is applied to the back-plane
electrode and to one input of each of the exclusive-OR
gates controlling the individual segments. The control
voltage at the other input of each gate determines whether
the gate output is in phase or antiphase with the back-plane
voltage. If the control voltage is high, the gate output is in
antiphase with the back-plane voltage and the segment is
On; if it is low, the output is in phase with the back-plane
voltage and the segment is Off.

o M0942 A
back-plane

Fig.9 Phase-switching circuit for direct drive

Direct drive affords the most freedom with regard to
drive voltage, operating temperature range. and viewing
angle. However, it also requires the most contatcs, driving
circuits, and connections.
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LIQUID CRYSTAL DISPLAYS

ENVIRONMENTAL CONDITIONS

Operating temperature range

The operating temperature range of a twisted nematic LCD
is bounded by the temperature limits of the nematic phase
of the liquid crystal. The upper limit is the clearing point,
the temperature at which molecular alignment disappears
and the material becomes isotropic. The theoretical lower
limit is the melting point, which is difficult to determine
because all currently used liquid crystals can be supercooled
very easily. The practical lower limit depends on how slow
a response can be tolerated.

Videlec LCD:s are classified in two operating temperature
ranges. The normal range, —10 °C to +60 °C, is suitable for
most interior applications where there is some control of
temperature and humidity. The extended range, —25 °C to
+80 °C, is for use in less controlled settings such as auto-
mobiles or outdoor applications.

Operation outside the specified temperature range is
unsatisfactory but does no permanent harm.

Storage temperature range

Storage limits are —25 °C to +70 °C for normal temperature
range and —40 °C to +90 °C for extended range LCDs. These
are absolute minima and maxima which must not be
exceeded. The best conditions for long-term storage are a
temperature not above 30°C and relative humidity not
exceeding 60%.

Humidity
Short-term exposure to high humidity does not harm an
LCD as long as there is no condensation on it. However,
permanent operation at high temperature and humidity
reduces the life of both the liquid crystal cell and the
polarisers.

QUALITY CONTROL AND RELIABILITY

Quality control

Quality control of Videlec LCDs includes incoming inspec-
tions,fabrication controls, functional and final inspections,
and reliability tests.

— Incoming inspection covers all materials, tools, and pro-
duction aids.

— Fabrication controls include supervision of the produc-
tion equipment and control of key process steps.

— 100% of the LCDs produced are checked for leaks,
visual and dimensional defects. and electrical operation.

— Before any production lot is released fordelivery, random
samples taken from it must pass accelerated reliability
tests under extremes of voltage, temperature, and
humidity.

— Samples taken regularly from all production lots are sub-
jected to various combinations of operating and environ-
mental stress to gain information about life and reliability.

Results of all these tests are fed back to the departments
and activities concerned to ensure that quality is built-in,
not inspected out.

Guaranteed AQLs are monitored by sampling. Two
classes of failures are inspected for:

— Mechanical/optical defects, including imperfect or in-
operative segments, lack of contrast, restricted viewing
angle, scratches on the polarisers, and glass cracks.

— Electrical/optical defects, including excess power con-
sumption and response time, low d.c. resistance, high
capacitance, black spots, contrast variations between
segments, etc.

The reject criteria for standard quality are an AQL of 1.5%
for mechanical/optical and 1% for electrical/optical defects.
AQLs are calculated from inspections carried out according
to MIL-STD-105D, Inspection Level 2, or DIN4080.

Reliability

Under normal operating conditions the failure rates of LCDs
are of the order of 107/h, comparable to those of discrete
semiconductors. The expected service life is more than
10° h (more than 11 years).

Operating stresses that may increase the failure rate are
d.c. voltage, excess operating (a.c.) voltage, extreme tempe-
ratures, and high humidity. Voltage stresses can be avoided
by correct design of the driving circuits. Where high tempe-
rature or humidity is unavoidable, LCDs specially designed
for such conditions should be used. Developments in mate-
rials and technologies are continually extending the practi-
cal environmental limits.

Videlee

Videlec is a joint venture of BBC Brown
Boveri and Philips specializing in liquid
crystal display technology to meet the
requirements of original equipment man-
ufacturers. Besides a wide range of
standard products (see Table opposite),
Videlec offers a complete service in
custom-designed LCDs.
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FUTURE TRENDS

In the future. the upper category temperature of wet elec-
trolytics will be increased to as much 150 °C, and they will
be made smaller without increasing the present low levels of
ESR. The main high temperature applications for wet
electrolytics are military electronics and automotive uses.
However, a high upper category temperature is also very
desirable for switched mode power supplies and other power
electronics applications because it allows a much higher
level of ripple current to be tolerated. For example, with an
ambient temperature of 70 °C. an electrolytic with an upper

DEVELOPMENTS IN WET ELCOS

category temperature of 125 °C would have a temperature
margin of 55°C. An extra 55°C temperature rise due to
power dissipation caused by additional ripple current
could then be tolerated.

Another advantage of an increased upper category tem-
perature is that it results in a considerable increase of life
expectancy at lower temperatures. It also allows endurance
tests to be accelerated.

The future size reduction of wet electrolytics will allow
a much wider capacitance range to be made available on
tape for use in automatic placement machines.
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Abstracts

Rare earth cobalt magnets

The high specific energy of super-performance rare-carth cobalt
(RES) permanent magnets complements the miniaturization gaincd
with IC tcchnology, resulting in more compact and cfficient equip-
ment designs. RES magnets arc becoming extensively used in con-
sumer and professional applications in high-fficicncy motors, loud-
speakers, transducers and actuators.

Multiplc loudspeaker arrays using Bessel cocfficients

Replacing one large loudspeaker by an array of small ones with the
same total power-handling capacity normally results in an altered
power responsc and a highly directional radiation pattern at certain
frequencies. These disadvantages can be overcome by proportioning
the drive to individual speakers in accordance with cocfficients
derived from Bessel functions. The cocfficients can be chosen in
such a way that they are easily rcalized by connccting the speakers
in scrics and parallel, phase and antiphase combinations.

Silicon temperature scnsors

The KTY81/82/83 scrics of silicon temperature sensors make usc of
the tempcrature dependence of resistivity exhibited by silicon. The
devices use n-type silicon with a doping level between 10'¢ and
10"*/cm?. The electrode arrangement — metallized lower planc and
circular gold contacts on the upper plane — produces a conical current
distribution through the crystal, which significantly reduces the
dependence of sensor resistance upon manufacturing tolerances.
Opcrating temperature range extends from =55 to 150°C for the
KTY81,-55t0175°C forthc KTY83 and 0 to 300°C for the KTY 84.

I’C bus in consumer applications

Much of today’s consumer-oricnted clectronic equipment contains
at lcast one controller, usually a microcomputer, and a number of
ICs performing analogue and digital functions. This article shows
how our two-wire bidirectional 1*C bus is the idcal costcffective
interconnection medium. Full details arc given of the principles of
operation and protocol for the bus.

Quality of high-wltage power transistors

The results from over 10® device hours testing of high-voltage power
transistors, coupled with field results, indicate a maximum scrvice
failurc rate of about 107/hr. Transistor types tested cover all major
arcas of application: TV and VDU decflcction, clectronic ignition,
mains inverters, switchcd-modc power supplics and electronic motor
control.

Liquid crystal displays

Thanks to their versatility and low current consumption, LCDs arc
now the preferred type of display for a wide range of consumer and
industrial applications. This article cxplains the relations between
driving voltages, response times, viewing angles, and ambicnt tempe-
raturc that govern their operation. Used within the limitations that
thesc imply, they can be expected to give upwards of 100000 hours
of scrvice. New types of LCD now coming into use will open still
more arcas of application.

Recent developments in wet aluminium clectrolytics

This article describes how rcvolutionary manufacturing processes
and materials have allowed us to improve the performance of wet
aluminium electrolytics. Most of the wecll-known shortcomings of
wet aluminium electrolytics have now bcen eliminated. The new
components are no longer only suitable for the less stringent require-
ments of the consumer market. They can also perform important
roles in professional and industrial applications such as high-speed
data systems and fast switching power supplies opcrating at high
power levels.

Seltenerd-Kobalt-Magnete

Die hohe Energiedichte der Hochleistungs-Seltenerd-Kobalt—
Permanentmagnete (RES) fiihrt in gleicher Weise zur Miniaturisie-
rung wie IC-Technologicn. Mit RES-Permanentmagnetcn lassen sich
dusserst kompakte und leistungsstarke Gerate entwickeln. Daher
werden diese Magnete immer mchr sowohl fiir konsumoricntierte als
auch fiir professionelle Applikationen verwendet, z.B. fiir Motoren
mit hohem Wirkungsgrad, Lautsprecher, Wandler und Aktuatoren.

Entwurf vom Mehrfachlautsprecheranordnungen auf der Basis von
Bessel-Koeffizienten

Wird ein grosser Lautsprecher durch cinc Anordnung von mchreren
kleinen Lautsprechern mit gleicher Gesamt-Nennbclastbarkceit cr-
setzt, dann ergibt sich normalerweise cin geinderter Frequenzgang
und bei bestimmten Frequenzen cin stark gerichtetes Strahlungs-
feld. Diesc Nachtcile kénnen bescitigt werden durch geeignete Auf-
teilung der Ansteucrleistung aut dic cinzelnen Lautsprechersysteme
gemiiss der sich aus Bessclfunktionen ergebenden Koeffizienten, Dice
Wahl dicser Kocffizienten kann so crfolgen, dass dic bendtigte Aut-
teilung leicht durch Scrien- und Parallclschalten der Lautsprecher-
systeme in Gleich- und Gegenphasenerregung crreichbar ist.

Silizium-Temperatur-Sensoren

Dic Silizium-Temperatur-Sensoren dcr Scric KTY81/83/84 machen
von der Widerstandsabhangigkeit des Siliziums von der Temperatur
gebrauch. Es wird N-Silizium mit ciner Dotierungskonzentration von
10 bis 10'* cm™ verwendet. Dic Anordnung der Elektroden —
untere Flache metallisiert, obere Fliche mit ringférmigen Goldclek-
troden versehen — bewirkt im Kristall cine konische Stromvertcilung,
welche dic Abhangigkeit des Sensorwiderstands von Fertigungstole-
ranzen wesentlich herabsetzt. Dic Arbeitstemperaturbereiche sind:
—55 bis 150°C fiir KTY81, —55 bis 175°C fiir KTY83 und 0 bis
300 °C fiir KTY84.

1’C-Bus in Konsumgerite-Applikationcn

Vicle der heutigen konsumoricntierten elektronischen Geridte cnt-
halten mindestens eine Stcucrschaltung, meist in Form cines Mikro-
computcrs, aussecrdem cine Anzahl integrierter Schaltungen zur Aus-
fiihrung analoger und digitaler Funktionen. Diescr Beitrag macht
deutlich, dass unser bidirektionaler 2-Draht-1*C-Bus die ideale,
kosteneffektive Verbindungsldsung darstellt. Die Arbeitsprinzipien
und dic zugchorigen Bus-Protokolle werden im Detail beschricben,

Qualitat von Hochvolt-Leistungstransistoren

Dic Priifergebnisse der lochvolt-Leistungstransistoren aus iiber 10°
Bauclementestunden licfern fir den praktischen Einsatz cine maxi-
male Ausfallratc von 107%/h. Dic gepriiften Transistoren iiberdccken
alle wichtigen Anwendungsberciche: Fernsch- und Monitorrdhren-
ablenkung, elektronische Schaltcr, Wechselrichter, Schaltnetztcilc
und elektronische Motorstcucrung.

Fliissigkristall — Displays

Dank ihrer Viclscitigkeit und ihres nicdriegen Stromverbrauchs
stellen LCDs fiir vicle Konsumer- und Industric-Anwendungen dic
verbreitetste Art von Displays dar. Dicser Artikel erklirt dic Zu-
sammenhinge zwischen  Anstcucrspannung, Abklingzeit, Ablcsc-
winkcl und Umgebungstemperatur, Grossen, dic den Einsatz der
Displays bestimmen. Betreibt man dic Displays innerhalb der vor-
gegebenen Grenzen, kann man mit iiber 100000 Betricbsstunden
rcchnen. Die ncu zum Einsatz kommenden LCD-Typen werden noch
mehr Einsatzgebiete croffnen.

Neue Entwicklungen bei Elektrolytkondensatoren mit nassem
Elektrolyten

Dieser Artikel beschreibt, wie durch revolutionire Anderungen des
Fertigungsprozesscs und der verwendeten Materialien einc Verbesse-
rung der Eigenschaften von Elcktrolytkondensatoren mit nassem
Ilcktrolyten crziclt wurde. Die meisten der diescn Kondcensatoren
bishcr anhaftenden Unzulanglichkciten konnten beseitigt werden.
Die neuentwickelten Kondcnsatoren sind nicht mehr nur fiir dic we-
niger strengen Anforderungen im Konsumer-Bereich gecignet. Sie
sind jetzt auch inder Lagc, cine bedcutende Rolle bei professioncllen
und industriellen Anwendungen zu iibernchmen, wie z.B. bei
schnellen Dateniibertragungs-Systemen und bei Schaltnctzteilen mit
hoher Betriebsfrequenz.
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Aimants terre rare/cobalt

L'éncrgie spécifique élevée des aimants permanents super-performants
terre rare/cobalt (RES) permet une miniaturisation des produits
développés, rendant ainsi possible la conception de matcricls plus
compacts ct plus cfficients. L'emploi des aimants est de plus cn plus
fréquent dans dcs motcurs de haut rendement, des haut-parleurs, des
transducteurs ct actuatcurs pour applications professionnelles et
Grand Public.

Ensembles de haut-parleurs basés sur les coefficients de Bessel

Le remplacement d'un haut-parleur de grandes dimensions par un
ensemble dc haut-parlcurs de petites dimensions possédant la méme
puissance globale a normalecment pour résultat une altération de la
réponsc cn puissance ct unc répartition fortement directionnelle du
rayonncment a certaines fréquences. Il est possible de remédier a ces
inconvénients en appliquant a chaque haut-parleur une excitation
des pondérée suivant des coefficicnts issus dcs fonctions de Bessel.
On peut choisir les cocfficients de telle maniére qu'ils soient aisés a
obtcnir cn connectant les haut-parlcurs suivant des combinaisons
séric-paralléle, phasc — opposition de phasc.

Capteurs de température au silicium

Les captcurs dc température au silicium de la série KTY81/83/84
sont basés sur la variation dc la résistivit¢ du silicium en fonction de
la températurc. On utilisc Ic silicium typc n a niveau de dopage
compris entre 10'* ct 10'%/cm?>. La disposition dcs électrodes — plan
inféricur métallisé ct contacts dords circulaires sur le plan supérieur
— produit unc répartition conique du courant qui traverse le cristal,
ce qui réduit sensiblement I'influence des tolérances de fabrication
sur la résistance du captcur. La gamme des températures d’utilisation
va dec —55 4 150 °C pour Ic KTY81, -55 4 175 °C pour le KTY83 et
04 300°C pour le KTY84,

Bus I°C dans applications Grand Public

Les appareils élcctroniques Grand Public actuels contiennent au moins
unc unité de commandc, généralcment un micro-ordinateur, €t un
certain nombre de circuits intégrés remplissant des fonctions analo-
giques ct digitales. 11 cst montré dans cet article que notrc BUS
bifilaire ct bidirectionnel I*C cst I'interconnexion idéale du point de
vue codt-cfficacité. Le principe de fonctionnement ct le protocole
du BUS sont expliqués en détail.

Qualité des transistors pour alimentation haute tension

Cette publication cst consacrée d une étudc de la qualité des tran-
sistors pour alimentation haute tension Philips effectuée en 1980,
1981 et 1982. Compte tenu des résultats de plus de 10® hcures
d'essai et d'utilisation pratique, le taux de pannc cn scrvice cst
d’environ 107¢/hcure.

Affichage a cristaux liquides

Grice a leur souplessc d'utilisation ct 4 leur faible consommation de
courant, les cristaux liquides sont maintcnant lc mode d’affichagc le
plus courant dans unc large variété d’applications industrielles et
Grand Public. Cet article cxplique les relations entre les divers para-
métres: tension d’cxcitation, temps de réponsc, angle d’observation
et température ambiante, qui régissent leur fonctionnement. Em-
ployés dans les limites que ccs paramétres impliquent, leur durée de
vie pcut dépasscr 100000 hcurcs. Les nouveaux types de cristaux
liquides réccmment apparus ouvriront dc nouveaux domaines
d’application.

Développements récents dans les condensateurs €lectrolytiques

L’article décrit comment des procédés de fabrication ct de traitement
des matériaux ont permisd’amdliorer les performances des condensa-
teurs électrolytiques. La nouvelle technologie permets dés main-
tenant de produire des composants dont les caractéristiques repon-
dent non seulement aux exigences du marché Grand Public, mais
aussi a celles des marchés professionnclls et mdustnells. notam-
ment les matériels informatiques et les alimentations & découpage.

ABSTRACTS

Imanes de cobalto de tierras raras

La alta energia especifica dc los imanes permanentes con super-
prestacnones en cobalto de tierras raras complementa la miniaturiza-
cidn ganada con la tecnologia de los circuitos integrados, dando lugar
a disefos dc cquipos eficicntes y mds compactos. Los imanes de
cobalto de tierras raras estan sicndo muy utilizados e¢n aplicaciones
profesionales y de consumo: motores de alto rendimicnto, altavoces,
transductores, y actuadorcs.

Redes multiples de altavoces que utilizan los coeficientes de Bessel

Recmplazando un altavoz grande por una red de altavoces pequciios
con la, misma capacidad total dc manejo dc potencia se obticne una
diferente respucsta cn frecuencia y un diagrama de radiacion alta-
mente dircccional a ciertas frecuencias. Estas desventajas se pueden
supcrar proporcionando una excitacién a los altavoces individuales
dc acuerdo con los coeficientcs obtenidos de las funciones de Bessel.
Se pucden clegir los cocficicntcs de forma que sea fdcil de realizar
concctando los altavoces cn scric y cn paralelo, y combinaciones cn
fasc y contrafase.

Sensores de temperatura de silicio

La scric KTY81/84 dc scnsores de temperatura de silicio hace uso
de la dependencia de la temperatura de la resistividad presentada
por cl silicio. Los dispositivos utilizan silicio tipo N con un nivcl de
dopado cntre 10'* y 10'3/cm?. La disposicion de los electrodos —
plano inferior metalizado y contactos de oro circulares en el plano
superior — producc una distribucién de corricnte cdnica a través del
cristal, lo que reduce significativamente la dependencia de la resisten-
cia del scnsor cn las tolerancias de fabricacidn. El margen de tempe-
raturas de funcionamicnto sc amplia desde — 55 a 150 °C para el
KTYS81, de —55 a 175°C para ¢l KTY83 y de 0 a 300 °C para el
KTY84.

Bus I2C cn aplicaciones de consumo

Muchos de los equipos clectrdnicos actuales orientados a consumo
contienen como minimo un controlador, usualmente un micro-
ordenador, y algunos circuitos intcgrados quc realizan funciones
analdgicas y digitales. Estc articulo mucstra como nucstro bus bi-
direccional de dos hilos 1*C ¢s ¢l medio dc interconexidn idecal y con
un coste efectivo. Se dan todos los dctalles de los principios de
funcionamicnto y protocolos para cl bus.

Calidad dc los transistores de potencia de alta tension

Esta publicacién cstudia la calidad de los transistores de potencia de
alta tensidon medida durantc 1980, 1981 y 1982. Los resultados de
nuestras pruebas dc 10® horas-dispositivo, junto con los resultados
de campo, indican una tasa dc fallos cn funcionamiento de 107%/hora.

Visualizadores de cristal liquido

Gracias a su versatilidad y bajo consumo dc corriente, los visualiza-
dores dc cristal liquido son actualmente cl tipo de visualizador pre-
ferido para una amplia gama dc aplicaciones industriales y de con-
sumo. FEste articulo cxplica las relaciones entrc las tensiones dc
excitacién, tiempos dc respuesta, ingulos de vision, y temperatura
ambiente, que gobnernan su funcionamicnto. UtlllZadOS dentro de
las limitaciones que éstas implican, puede esperarse mds de 100.000
horas dc servicio. Los nucvos tipos dc visualizadores de cristal
liquido (LCD) tendrin cada vez mds areas dc aplicacién.

Ultimos desarrollos en condensadores electroliticos himedos de
aluminio

Este articulo describc como sc han logrado unos materiales y pro-
cesos de fabricacidn revolucionarios para mejorar las prestaciones de
los condensadores electroliticos himcedos de aluminio. Se ha elimi-
nado la mayoria de los conocidos defectos de los condensadores
electroliticos himedos de¢ aluminio. Los nuevos componentes no son
mds largos, adecuados tinicamente para los requisitos menos severos
del mercado de consumo; también pueden realizar papeles importan-
tes en aplicaciones industriales y profesionales tales como sistemas
de datos de alta velocidad y fuentes de alimentacion de conmuta-
cion rapida que trabajan con altos niveles de potencia.
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