


























Multiple-step stress testing proves the
reliability of solid aluminium

capacitors

EVERT DEKKER and HELFRIED SCHMICKL

The technology of solid aluminium (SAL) electrolytic
capacitors is backed by several decades of user experience.
Because of their well-earned reputation for reliability, long-
life and resistance to temperature extremes, they have
secured a large share of the professional and industrial
capacitor market. In comparison with more expensive
tantalum capacitors their only disadvantage was that they
were bulkier. This has been eliminated by new developments
in aluminium etching (incorporated in our new 123 series)
resulting in SALs which are half their previous size. This
makes them comparable to tantalum capacitors of the same
CV product. Moreover, the foil winding technique used in
the 123 series promises SAL capacitors with CV products
previously the exclusive domain of wet electrolytics.

Testing of solid aluminium capacitors has exposed no
failure mechanisms. (A failure mechanism, as defined by
IEC publication 271, is a physical, chemical or other
process which ultimately results in failure). Wet aluminium
electrolytic and solid tantalum capacitors, however, both
display inherent failure mechanisms.

Determination and assessment of reliability in new com-
ponents such as the 123-series capacitors is a time-con-
suming process when using conventional testing methods.
Instead we use a technique of evaluating the useful life of
components by applying a series of simultaneous stress
tests, and increasing the levels of stress in stages to induce
failure. This process, known as multiple-step stress testing,
can achieve in weeks, results that would normally take
months, or even years, of standard life-tests. To prove the
validity of this form of testing, the results obtained from
endurance tests of the earlier 121 series were compared
with the results of multiple-step stress testing of components
in this same series.
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SOLID ALUMINIUM ELECTROLYTIC
CAPACITORS

Solid aluminium electrolytics have no known inherent
wear-out failure mechanisms; their use can increase overall
system reliability. In addition, their electrical and thermal
characteristics remain constant throughout a very long life.
These characteristics are far superior to those of wet
aluminium electrolytics and are comparable, indeed in
many respects superior, to those of tantalums, see Table 1.
A brief description of the construction of the 123-series
capacitors is given in the panel on page 141.

Failure mechanisms

Tantalum, wet aluminium and SAL electrolytic capacitors
have been available long enough for complete endurance
tests to have been carried out. The failure mechanisms
(where they exist) of each type have also been documented.

Field crystallization of the essentially amorphous
tantalum oxide dielectric is the basic failure mechanism of
solid tantalum capacitors (Ref.1). The growth of these
higher conductivity oxide crystals during operation of the
capacitors causes an increase in leakage current. The capaci-
tor eventually short-circuits, and, since crystalline growth
is primarily dependent on applied voltage, high voltage
capacitors are more susceptible to failure. The effect of
field crystallization can be minimized by using high-purity
tantalum to reduce the number of crystallization nucleation
sites (an impurity in the crystal grid).

For wet aluminium electrolytic capacitors, the failure
mechanism is a gradual drying out of the electrolyte, re-
ducing capacitance and increasing impedance until, even-
tually, the capacitor goes open-circuit.
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With this Weibull lifetime distribution diagram, it is
possible to accurately define the end of the period of
early failures. and the onset of wear failures (from sections
(2) to (b). and (b) to (c) respectively on the bathtub curve),
by the two points of intersection of these three lines. Each
section is defined as follows:

(a) B <1 — early failure period (A(t) decreases)
(b) B = 1 — constant failure period (A(t) constant)
(c) 8> 1 — wear-out failure period (A(t) increases).

In fact, it is not necessary to have §=1 in section (b) as
this occurs only when failures are determined totally by
stochastic processes.

Arrhenius’ law and accelerating factors

The reaction of most chemical processes increases expo-
nentially as the temperature is increased. Temperature is
therefore an accelerating factor. So if the operating tempe-
rature of a component under test is increascd above its
normal rating. the onset of wear failures occurs earlier and
the average lifetime is shortened. Conversely, at a lower
temperature, the lifetime can be expected to be longer.

The temperature influence can be described by making
use of the analogy between the reaction constant of a
process and the failure ratc of a component, as both are
defined as the decrease per unit time of the concentration
of a species divided by the actual concentration of the
species. Thus, from Arrhenius’ law, the expression for the
failure rate A, at absolute temperature T, can be written:

NT) = Ae'B/ kT
where A and B are constants, k = Boltzmann constant and
T = absolute temperature. The constant B is normally
referred to as the activation energy of the process.

The information available cannot always be reduced to
comply with Arrhenius’ law. when the temperature is the
only accelerating factor. The equations that describe test
results fall apart even more when additional stress factors
are involved. Parameters that reduce lifetime are, for
example, vibration. humidity, pressure and, in particular
for capacitors, the applied voltage.

Denoting the applied voltage by V., and general stress
parameters by S|. Sp. etc., the following equations apply
(n.G.A1. A2, B].Bj. etc. are constants):

For integrated circuits the Eyring law (Ref.4):
N(T,S) = A exp. ((—B+B1S1+B2S2+ .. )/KT):
For ceramic capacitors (Ref.5):

NT,V) = A1-V" exp. (-B/kT);
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MULTIPLE-STEP STRESS TESTING OF SALs

For solid tantalum capacitors (Ref.6):
)\(Tv) = A2‘Vn' 2B3(T'B4):

and for capacitors in general (Ref.7):
NT.V) = (A3:V"+A4) exp. (BsTO);
and

NT.V.S) = (A5S5+A6S6 . . ) NT,V)-

Apparently. an adequate model is lacking to describe the
failure mechanisms during actual testing. Probably a degra-
dation process controlled by the Arrhenius activation
energy is “‘polluted” by other unknowns that are applied
to the components under test. These could be caused by
the test process itself (e.g. handling, thermal gradients,
influence by surrounding components, atmosphere). They
could also derive from the production and handling history
of the components. by which they may have already
experienced some non-identified stresses before actual
testing starts.

From all equations, however, it is clear that there is an
exponential increase of failure rate with temperature
(therefore the average lifetime decreases exponentially),
and an acceleration of the increase by applied voltage and
other stresses.

Thus the ageing process of a component or system is
accelerated by the maximum possible amount if it is loaded
with all known stress factors simultaneously (multiple-
stress testing). The absolute level of the applied stress
factors also influences the accelerated ageing process. so the
lifetime period can be adjusted through both the number
of. and the level of, the stress parameters applied.

This technique of applying several stress factors, and
increasing the level of stress applied in stages. to accelerate
the lifetime is known as mudtiple-step stress testing. The
acceleration (or *‘time-lapse’’) factor can be calculated from
the relationship between lifetimes under normal and under
stressed conditions. This relationship is determined parti-
cularly accurately with the aid of the Weibull distribution
graph.

However. to obtain correctly predicted results. the
following conditions must be complied with:

1. The failure characteristic must remain the same.

2. The normal wear curve must be parallel to the acceler-
ated wear curve on the Weibull graph. This is, in fact,
verification of condition 1.

3. The failure analysis of all test batches must display the
same fault mechanism.

4. The upper limits of the stepped stress parameters must
not exceed conditions outside the operating area of the
component (in the forbidden area, for example, boiling
point) as this could induce new chemical processes that
produce different fault mechanisms (Fig.C).
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Highly-accelerated humidity testing

of CMOS ICs

WOLFRAM NACHBAUER

The effect of humid environments on complete, encapsu-
lated integrated circuits is of critical importance in many
applications. Moreover, defects in design or workmanship
that result in increased susceptibility to humidity might
lead to deterioration of performance or useful life. These
aspects of structural integrity are traditionally explored by
the 85°C. 85% RH (relative humidity) test with appropriate
bias. Test duration is usually 1000h, which explores not
only the hermeticity of the package, but also the effect-
iveness of the passivation, and the resistance to corrosion of
internal bond pads and lead frame, as well as that of the
external pins. Temperature-humidity-bias (THB) testing is
of especial importance in the case of CMOS devices whose
low dissipation and consequent small internal temperature
rise in operation does not tend to reduce internal package
humidity, as is the case with bipolar devices.

Improvements in plastic encapsulants, lead tinning and
die passivation have greatly reduced the susceptibility of
modern ICs to the effects of humidity. Where process or
design problems do occur. the 1000h duration of the
85/85 THB test prevents any early corrective action that
would adequately protect the running production of both
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IC manufacturer and user. In fact, with state-of-the-art
plastic-encapsulated CMOS ICs, THB testing has to be
carried out for up to a year if useful numbers of failures
are to be observed. A shorter test is clearly desirable.

One obvious route to an accelerated test is to increase
temperature, since then failure mechanisms could be
expected to accelerate according to Arrhenius’ Law. How-
ever, there is a limit to the increase in temperature useable
in practice set by the onset of new failure mechanisms like
plastic degradation. Finally, humidity cannot be maintained
at temperatures above 100°C unless pressure is also in-
creased, consequently, these accelerated tests are all per-
formed in an autoclave (‘pressure cooker’).

Here we detail the results of investigations into several
combinations of temperature and pressure that establish
acceleration factors for the various failure mechanisms likely
to be encountered. One set of test conditions that satisfies
all the requirements for monitoring IC product quality has
been selected and standardized, enabling us to detect
incipient problems early, and to react quickly enough to
avoid hazarding both our own and our customer’s pro-
duction.
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ENHANCED COMPUTER-CONTROLLED TELETEXT

by character address decoding and the ten TV lines by ROM
line address decoding. The ROM is accessed once per
microsecond providing 12 outputs corresponding to the 12
dots in each line of a character. A 64 us rate signal from the
timing chain clocks a lines-per-row counter, which divides
by ten (except when double-height characters are selected).
The counter output is used to select the appropriate line of
12 dots in the ROM.

The outputs from the character generator for driving the
video stages are R (red), G (green) and B (blue), pins 13, 14
and 15 respectively. The Y output (pin 18) is for controlling
a printer and is active for the character foreground only,
regardless of colours, and does not contain the flashing
function. Blanking signals for the TV picture are supplied
through the BLAN pin which is combined character, box,
and fullscreen blanking. Pin 16 (COR) allows selective
contrast reduction of the TV picture to enhance a mixed-
mode display. All the character generator output pins are
open-drain, making many different interfacing arrangements
possible.

The main features of the character generator are:
e 12 x 10 dot matrix characters
¢ interlaced or non-interlaced display (software-controlled)
e serial attributes only
e 192 alphanumeric characters

e 6 national option character sets (English, German,
Swedish, Italian, French and Spanish)

e 31-location auxiliary character set

e with suitable control software, all the major languages in
Western Europe are covered

e Y output is foreground colour only

e BLAN output is combined character, box, and full-
screen blanking

e COR output allows contrast reduction for superimpose
or boxes (software controlled)

o user-selectable double height characters under software
control. Large characters are then displayed quadruple-
height

e double-height characters inhibited in row 23

e separate status row. always in single height, is available
for software-generated messages. This may be displayed

at the top or bottom of the screen (under software
control)

¢ decoding for black foreground colour is provided

e internal cursor inverts background and foreground
colours. It may be made to flash using a software loop in
the control microcomputer.

Memory interface

The memory interface has 8 parallel data input/outputs
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(DO to D7) and 13 address outputs (AO to A12) which
interface up to 8 K bytes of static RAM. The reading and
writing of data to the RAM is controlled by the OE (output
enable) and WE (write enable) signals. The RAM cycle is
500 ns with, in general, one write and one read cycle every
microsecond. To summarize. the main features of the
memory interface include:

o interface directly to 8 K RAM providing up to 8 stored
pages in normal mode or 4 stored pages in extension
packet mode

e 500ns memory cycle time

e timings for static RAMs only, 200ns access time is
sufficient

e I?C bus can address any RAM location for reading and
writing

e address converter from row or column to 10 bits is in-
cluded and addresses all 1024 locations

e all memory automatically cleared to ‘space’ at power-on

e separate address counters for display, data acquisition.
and I12C bus. I2C bus address counters allow incrementing
and presetting

e RAM locations not used for display or data acquisition
purposes are available for use by the control micro-
computer

o all RAM accesses (display. acquisition and I>C bus) are
synchronous with system clock

o all pages can be cleared, one at a time, under software
control.

I2C bus interface and control

The I2C bus and control section are used to control the
variable functions of the ECCT directly by altering the mode
register bits, or indirectly via the external page memory.
The I2C bus slave transceiver accepts commands from the
control microcomputer via the SDA (serial data) and SCL
(serial clock) pins.

A command to one of the ECCT’s mode registers follows
the normal I2C bus protocol (see Ref.S). The first byte
contains the ECCT’s slave address (0010001), with the
R/W bit set to O to indicate ‘write’. The second byte is
interpreted as the register address required (R1 to R11),
and the third byte is data to be loaded into that register.
Subsequent bytes in the same I2C transmission can be
interpreted as data for the following register because the
register address auto-increments. The register map for the
ECCT is shown in Fig.10. with auto-increment being
indicated by the arrows on the right of the diagram. The
auto-increment allows several conditions to be set up by
just one I12C bus transmission. Register 11 is the address for
accessing the external page memory. It is read/write as any
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First multistandard decoder chip-set

for DBS TV

INNOVATION THROUGH COOPERATION

It wasn’t easy to meet the technological challenge of
developing a DSB TV transmission decoder to handle signals
encoded in accordance with any of the present European
MAC packet standards (CMAC, DMAC and D2 MAC), and
to also descrample and decrypt. It took the combined re-
sources and expertise of Nordic VLSI, Plessey Semicon-
ductors, and Europe’s largest IC supplier, Philips. Nordic
VLSI, with their unrivalled experience of MAC decoding
designed the decoder and developed most of its 2 micron
CMOS circuitry. Plessey Semiconductors will manufacture
three of the full-custom VLSI CMOS ASICs at the heart of
the decoder and also supply a teletext full-custom VLSI
CMOS ASIC. To complete the decoder, Philips will develop
the operating software (including decryption) and supply
ICs from their extensive bipolar and MOS ranges to perform
the analogue signal processing, computer control and data
conversion functions.

This unique cooperation has led to the availability of the
first-ever chip-set for constructing an advanced multi-
standard MAC decoder which can enormously increase the
market applicability of TV sets through its most innovative
feature — multi-standard operation that meets all the
requirements of today’s European satellite TV market.

UNIQUE FEATURES OF A DECODER BUILT
WITH THE CHIP-SET

— implements the full CMAC/DMAC/D2MAC packet

standard

— can handle the standard MAC format for picture plus up
to eight mono or four stereo sound channels

186

— is compatible with any TV set architecture

— a conditional access control feature allows descrambling
and decryption of sound and vision signals (Pay TV) and
teletext. This feature can handle several broadcasts
simultaneously and meets the requirements of the new
Part 6 of the EBU specification. Entitlements can be
addressed over-air, via a smart-card or via a keyboard

— single- and double-cut conditional access descrambling
of the vision signal as specified by the EBU

— very flexible packet multiplexing allows full-field sound/
data transfer of up to 50 high-quality sound channels at
a rate of nearly 20 Mbit/s

— all packet addresses in the selected data bursts are Golay
decoded

— the configuration data can be changed without disrupting
the service

— can handle teletext in accordance with the EBU specifi-
cation during the frame interval or in the packet multiplex

— a second vision signal aspect ratio and decompression
ratio will allow future high-definition TV (aspect ratio
16:9) to be accommodated whilst retaining compatibility
with present standards (aspect ratio 4:3)

— linear or companded sound signals can be decoded

— processing of Ist and 2nd level error protection of the
sound signal, including error concealment

— digital mixing allows simultaneous processing of stereo
sound and commentary channels

— sound quality comparable with compact disc

— the decoder is software controlled.
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