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What MTBF Really Means

When electronic systems fail or cease to operate correctly it doesn't matter whether the component
concerned is a glamorous processor or the workhorse power supply — either compromises the end product
and damages the manufacturer's reputation. And it is not just outright failure that can cause a problem,
poor design and marginal components can also result in performance issues that are difficult to track down
and diagnose. Jeff Smoot, VP of Application Engineering, CUI, Tualatin, USA

What OEMs and their end-customers
are seeking is reliability but there are
many facets to reliability that need to be
understood along with the measures that
may be used to define it. One such
measure is “mean time between failure”,
commonly abbreviated to MTBF. Here, in
the context of power supplies, we set out
to understand MTBF, recognize how it can
help in designing reliable products and,
most importantly, realize it should not be
used to predict the actual life of a
product.

Defining reliability

Before we can hope to improve the
reliability of a power supply, we need to
understand that reliability is the probability
that an individual unit of the product,
operating under specified conditions, will
work correctly for a specified period of
time. This is not the same as failure rate,
which is the proportion of manufactured
units that will fail in a given time interval
e.g. one failure from 1 million units in one
hour. Failure rate is further complicated

because typically it varies over the life of a
product, following the so-called “bathtub”
curve that exhibits a higher failure rate
early and late in the product’s life, as
shown in Figure 1.

The intrinsic failure rate of a component,
denoted \, is defined as its failure rate
during the constant failure rate part of its
life-cycle. This in turn allows the definition
of reliability, denoted R, over time t, as
R(t) =e™

MTBF and 37 percent

The inverse of failure rate, 1/, provides
what is known as the mean time to failure,
or MTTF. However, while MTTF is
technically the more correct term, MTBF
(mean time between failures) is the more
commonly used equivalent term,
especially in the power industry.

The relationship between reliability,
failure rate and MTBF give rise to some
interesting observations. For example, a
component with an intrinsic failure rate of
10-6 failures/hour (which is the same as
an MTBF of 1 million hours) has a 90.5 %

probability of not failing within the first
100,000 hours. However this falls to 60.6
% for the first 500,000 hours and the
probability of the component lasting 1
million hours of use decreases to 36.7 %,
as illustrated by Figure 2.

What this is really saying is that there is
only a 37 % confidence level that a
component will last as long as its MTBF
rating. It can also be seen that half the
components in a group will have failed
after just 0.69 of the MTBF. This
realization becomes even more pertinent
when extended from individual
components to systems, for example
taking account of all the components in a
power supply where the failure rates of all
components must be summed as \a =
Nint 4 N2n2 + ... 4+ Nini,

The number of components employed
in a system, or sub-system such as a
power supply, clearly reduces the overall
MTBF. While selecting components with
good MTBF figures can mitigate this result,
it does highlight the intuitive conclusion
that a system's reliability can be no better

Decreasing
Failure
Rate

Figure 1. The
Constant Increasing “bathtub” curve
. showing failure rate
Failure Failure 8 arre !
plotted against time
Rate Rate through the three

life-cycle phases of
infant mortality,
useful life and wear-
out

a
",E . Early Observed Failure
& | “Infant Rate
e + Mortality" I |
= *.  Failure | |
‘® " | Constant (Random) I
w "_ ; Failures g
i‘ l l
!1“-. I I
e,y |
|

»

Time

Issue 3 2016 Power Electronics Europe

WWW.power-mag.com

\



CUI_Feature.gqxp_Layout 1 07/06/2016 16:04 Page 29

POWER

SUPPLY RELIABILITY EE]

www.cui.com/power
Figure 2. Curve by

showing the B =i
probability that a I\'*.
component is still \

operational over time \
’ xx‘
\

than it's least reliable component. Hence
focusing on the weaker components can
pay dividends.

An important takeaway from the above
discussion is that the MTBF figure should
not be used to predict the actual life of a
power supply (or other component or
system). This is a common mistake
customers often make in attempting to
interpret a product datasheet. Firstly, to
reiterate the conclusion reached above,
“there is only a 37 9% confidence level that
a component will last as long as its MTBF
rating”, added to which it is important to
understand how an MTBF figure is arrived
at, as we will see next.

Calculating MTBF
Determining the failure rate or MTBF of a
component or system is key to
understanding a product’s potential
reliability. With a new product design some
means of estimating or predicting life
expectancy is required — simply building
lots of units and running them for many
hours under normal operating conditions is
not a realistic method of obtaining
meaningful results. That said, the use of
accelerated life tests, where a product is
operated at elevated temperature and
under other stress conditions, can provide
useful data and can also reveal areas of
design weakness. The same is true for data
obtained from the real service operation of
equipment, which in turn contributes to an
overall appreciation of a product's reliability.
During development though, the only
method available to a designer for
calculating failure rate of an endproduct is
prediction. This approach relies on
component failure rate and expected life

WWW.power-mag.com

data provided by one of several standard
databases, such as the US Navy's MIL-
HDBK-217 handbook, British Telecom's
HRD5 database or the Telcordia (formerly
Bellcore) technical reference TR-332.

Whichever resource is chosen it is
important to use it consistently, recognizing
that their differing prediction methodologies
were developed for different end-
application requirements. For example, MIL-
HDBK-217 focuses on military and
commercial applications while, not
surprisingly the Telcordia and BT methods
are oriented to telecommunications
designs and applications. The MIL approach
depends on many component parameters
and allows for voltage and power stresses
to yield MTBF data. The Telcordia method
depends on fewer component parameters
but takes account of other data from
laboratory tests, burn-in results and field
tests. Also Telcordia produces FIT, or
“failures in time" numbers where one FIT
equals one failure per billion (10°) device-
hours (equivalent to about 114,115 years)
based on statistical projections from
accelerated test procedures.

Unfortunately none of the
aforementioned methodologies or sources
of data guarantee absolute accuracy as
each are based on assumptions that, at
best, are somewhat inaccurate. One
assumption is that the database is current
and valid whereas the reality is these
databases are quite old and don't have
data on newer components. In this case,
the designer may have to go with the
calculation method that best suits his
purpose and either use data for the
nearest equivalent part or rely on whatever
reliability data the component

manufacturer may provide, which may
need to be treated with caution.

Conclusions

Product reliability is important and while
some consumers may show blind faith in
trusting reputable manufacturers, most
would rather have the reassurance of a
guaranteed product life. This in turn comes
from manufacturers having confidence in
their designs and in the components used
to build those products. As shown, it is
important to avoid naively falling into the
trap of wrongly assuming that the MTBF
figure equates to the expected life of a
product. Employing MTBF calculations
allows the use of a consistent approach for
comparisons to be made between
products. The accuracy of the MTBF results,
and thus the significance of the
comparison, is heavily dependent upon the
consistency of the assumptions and data
bases used for the calculations.
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Concrete Binded Magnets
for Large Power Inductors

The increasing demand for more and clean energy has led to a rising need for large inductive components.
This poses a challenge to providing magnetics optimized for cost, size and performance. MAGMENT power
inductors and transformers introduced at PCIM 2016 are based on a new technology for both a novel
material and an innovative magnetic design. Mauricio Esguerra, Magment Unterhaching, Germany

The high demand has sparked the Initial permeaility " @8 25°C #0210% | Figure 1:
development of both improved magnetic Technical data for
materials (e.g., powder cores, amorphous), Flux density B.., @25'C, 25kA/m [mTl 150 MAGMENT MC40
winding technologies (e.g., copper foil, flat material grade
wire) and optimized core geometries. This
has yield a high refinement, pushing the
limits of an otherwise conventional way of
making inductive components. However, Reststhily p
advancement in small steps maybe not
enough to cope with the market
expectations driven by the renewables
revolution.

MAGMENT (MAGnetic ceMENT) power Specific heat
inductors and transformers are based on a
patented concrete with magnetisable Thetmal conductivity 4 (W] 3
particles embedded in a cement matrix
manufactured in a pressure-less process.
Its features are (Figure. 1 and 2)
permeability in the same range as powder
core materials; Compressive strength k [MPaj 0

high DC-bias capability; saturation
reached only at very high fields, very low Tensile strength f, [MPa) 2
core losses; high thermal conductivity to
efficiently dissipate heat; and concrete-like P Figure 2: DC-bias
mechanical robustness in a very broad T — _ vs field strength
temperature range. ; and specific core
- losses vs flux
Wind and magnetic pour process . \ density
These unique and outstanding properties
allow the design of rugged inductive
components with a distributed air gap for
minimized winding losses by completely
surrounding the coil by the MAGMENT i
material. This ensures a complete ™
magnetic filling of the available volume
within the housing yielding maximum
performance and cooling. As compared to o ]
the conventional manufacturing of winding i Bk 7
cores and sealing with a potting material, i ety 7
the flowability of the concrete materials /i/
allow a “wind and magnetic pour” process, e o
which goes along with absolute shape and :
size flexibility. This allows to both tailor
components to minimize material =
utilization and to any given space ' ﬁ
constraints by a special magnetic design 4
algorithm yielding lowest cost as compared A/
to any other inductive technology. x

Figure 3 shows an example for a
MAGMENT inductor and Figure 4a
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Figure 3:
MAGMENT
inductor (left)
depicting its
magnetic
material shape
(right)

1. Select core shape (E, RM, U..)
2. Select core size (E25, AME,...)
3. Select suitable coil former

4, Layout wire in winding window
5. Select housing

6. Select potting material

Limited size availability
Stacking for simple shapes only (E, U, R)

Winding filling factor limited

Partial magnetic filling of housing

Core sizes available only in steps (ES5,E65,..)

Tal_'gei garamei:ers: inductance L, rated current 1, resistance Roc

Js
| Conventional [ MAGMENT

DESIGN STEPS

1. Select/design coil former
2, Layout of winding window
3. Design housing

PROPERTIES

No shape or size limitation

Winding 100% surrounded by
magnetic material

Potting material = magnetic material

comparison with a conventional inductor.

The automated design process starts
with the calculation of the MAGMENT
inductor design parameters for given
target parameters (inductance L, rated
current | and DC resistance RDC). The

a = >
b < =
C < >

design algorithm looks for the
dimensions giving the lowest material
cost and hence the most compact
design. In case outer dimensions would
be constrained by device space
requirements, the algorithm would take

> < <
< < <
= =< <

Figure 4: Comparison MAGMENT vs.
conventional inductors

this into consideration. Based on the
output design parameters a suitable coil
former is chosen and the winding laid
out. The housing containing the
inductor is then designed according to
the outer dimension of the MAGMENT
material block.

The resulting magnetic effective
parameters (Figure 5) show the clear
advantage over conventional inductors.
As a general rule and due to the
complete magnetic filling of the available
space the ratio Ae/le is much larger for
MAGMENT inductors. In a relative
comparison of inductors with the same
inductance and either the same (a)
magnetic path, (b) cross section or (c)
volume the MAGMENT inductors show
always a superior performance
(inductance, core and winding losses) as
well as cost.

Beyond the technical superiority of
the product as such, there are other
aspects pertaining production and
logistics. We have devised our production
to have all inductor manufacturing
processes under one roof. This allows to
have short lead times and simplified
stock holding of base materials allowing
the quickest possible turnaround time
from design-in to shipping.

Figure 5: Inductor parameters

relative comparison MAGMENT
vs. conventional for an inductor
with the same inductance value

< and one effective parameter a)
magnetic path, b) cross section,
CCT ¢) volume
<<
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IGBT Modules Using 7th
Generation IGBTs

Mitsubishi Electric announced that sample shipments of 17 new models of
the T-series power modules featuring 7 gen IGBTs are scheduled for
September delivery. The lineup is expanded by 17 models with 1.7 kv
rating, the new models include 12 NX-type standard-type package models
ranging from 75 A to 300 A. The expanded lineup provides for AC 690 V /
DC 1000 V PV system inverters. With an improved internal structure, the
latest package technology enhances the reliability of the existing standard-
type package while keeping compatibility to it. An insulation and copper
base integrated in the substrate, along with an improved internal electrode
construction, help to increase the thermal cycle life, i.e. the life proven in a
stress test of relatively long-term temperature cycling between two case
temperatures, and to lower the internal inductance, leading to a more
reliable equipment performance. With regard to the standard-type package,
the internal inductance is reduced by 30 % compared with a 6 gen
module thanks to an improved internal electrode construction. The Thick-
Metal-Substrate-technology removes the solder layer and increases the
thermal cycle life. The package can be downsized by decreasing the
baseplate area by 24 % from 80 X 110 mm to 62 X 108 mm,
increasing the thickness of the copper pattern and improving the thermal
conductivity. The optional PC-TIM module is based on a Phase Change
Thermal Interface Material, a high thermal conductivity grease which
becomes solid at room temperature and softer with rising temperature
eliminating the need for thermal grease.

www.mitsubishichips.eu

Rogowski Current Sensor
for Currents up to 10,000 A

LEM has developed the “ART” Rogowski current sensor to measure current of
up to 10,000A AC and beyond. The ART achieves IEC 61869 Class 1 accuracy
without the need for additional components like resistors or potentiometers,
which can drift over time. In addition, the ART benefits from “Perfect Loop”
technology, a unique patented coil clasp that eliminates the inaccuracy caused
by sensitivity to the position of the conductor inside the loop as well as
providing a “Twist and Click” closure. An internal shield is provided as standard
to guard against external fields, improving accuracy and optimizing
performance for small current measurements. The ART series provides the
same ease of installation as existing split-core transformers, but with the
benefits of being thinner and more flexible. Dimensioned in 70, 125 and 175
mm diameter for the aperture — the ART can be mounted quickly by simply
clipping on to the cable to be measured. Contact with the cable is not
necessary, and the ART ensures a high level of safety as well as providing a
high rated insulation voltage (1000 V Cat Ill PD2 - reinforced). The ART also
allows disconnection of the coil to be detected through the use of a security
seal passed through a specially designed slot, making it really useful when
used with a meter. It can be used in applications requiring a protection degree
up to IP 67.

www.lem.com

and customizing the breakdown
voltage and other electrical

development, which integrates
IGBTs, freewheeling diodes and gate

Automotive Grade IGBTs

Fairchild offers new automotive-
grade 650 V discrete and bare die
IGBTs and diodes for hybrid electric
vehicles (HEV), plug-in hybrid
electric vehicles (PHEV) and electric
vehicles (EV). These IGBTs and
diodes are ideal for traction inverters,
a core component of all HEVs,
PHEVs and EVs that convert the
batteries’ electricity from DC into AC
required by the vehicles’ drive
motors. All of these new discrete
and bare die IGBTs and diodes use
advanced third generation Field Stop
Trench IGBT technology and a soft
fast recovery diode qualified to
automotive-grade standards and
have additional features and options.
This new FGY160T65SPD_F085 and
FGY120T65SPD_F085 discrete
IGBTs are well-suited to traction

inverters and other HEV/PHEV/EV
powertrain components that require
high power density and high
reliability. Bare chips
PCGA200T65NF8, PCRKA20065F8,
PCGA300T65DF8, and
PCRKA30065F8 are for automakers
and automotive parts suppliers
building their own power

parameters. A solderable top metal
version is also available and is
designed for advanced wire
bondless assembly technologies
such as soldering technologies as
sintering. Fairchild is also expanding
its portfolio with a new automotive-
grade module currently in

drivers in one electrically-isolated
package. It is suited for auxiliary
motor control applications such as
oil pumps and AC compressors. The
power module is sampling now and
will be available in production
quantity in June.
www._fairchildsemi.com

modules. The bare die IGBTs
are also available with
integrated monolithic current
sense and temperature sense
to provide additional levels of
protection — they can be
customized to meet special
requirements. Options include
changing the gate pad size and
location to accommodate
different diameters of
aluminum wire, resizing the die,
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www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Arbitrary 4-Quadrant Power
Sources

www.rohrer-muenchen.de
Rohrer GmbH
Tel.: +49 (0)89 8970120

Busbars

=1 ATl -

www.auxel.com
Auxel FTG
Tel: + 33 3 20 62 95 20

4 PSL

jghﬁtp Wb

www.psl-group.uk.com
PSL Group UK Ltd.
Tel +44 (0) 1582 676800

Certification

www.productapprovals.co.uk
Product Approvals Ltd
Tel: +44 (0)1588 620192

Connectors & Terminal
Blocks

www.auxel.com
Auxel FTG
Tel: +44 (0)7714 699967

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.protocol-power.com
Protocol Power Products
Tel: +44 (0)1582 477737

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.neutronltd.co.uk
Neutron Ltd
Tel: +44 (0)1460 242200

Www.microsemi.com
Microsemi
Tel: 001 541 382 8028

www.voltagemultipliers.com
Voltage Multipliers, Inc.
Tel: 001 559 651 1402

www.proton-electrotex.com/
Proton-Electrotex JSC/
Tel: +7 4862 440642;

Direct Bonded Copper
(DPC Substrates)
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—

www.curamik.co.uk
curamik® electronics GmbH
Tel: +49 9645 9222 0

Discrete Semiconductors

www.digikey.com/europe
Digi-Key
Tel: +31 (0)53 484 9584

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

WWW.microsemi.com
Microsemi
Tel: 001 541 382 8028

Drivers ICS

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

EMC/EMI

www.dextermag.com
Dexter Magnetic Technologies, Inc.
Tel: 001 847 956 1140

Ferrites & Accessories

www.dextermag.com
Dexter Magnetic Technologies, Inc.
Tel: 001 847 956 1140

www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

Hall Current Sensors

www.dgseals.com
dgseals.com
Tel: 001 972 931 8463

Harmonic Filters

M
1
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www.murata-europe.com
Murata Electronics (UK) Ltd
Tel: +44 (0)1252 811666

High Voltage and High Power
Electronics

Dean Technology, Inc.
www.deantechnology.com
+1 (972) 248-7691
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IGBTs

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

WWWw.microsemi.com
Microsemi Tel: 001 541 382 8028

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Line Simulation

www.hero-power.com
Rohrer GmbH
Tel.: +49 (0)89 8970120

Magnetic Materials/Products

www.dextermag.com
Dexter Magnetic Technologies, Inc.
Tel: 001 847 956 1140

www.rubadue.com
Rubadue Wire Co., Inc.
Tel. 001 970-351-6100

www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

WWw.microsemi.com
Microsemi
Tel: 001 541 382 8028

www.neutronltd.co.uk
Neutron Ltd
Tel: +44 (0)1460 242200

Optoelectronic Devices

www.digikey.com/europe
Digi-Key Tel: +31 (0)53 484 9584

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Packaging & Packaging Materials

www.curamik.co.uk
curamik® electronics GmbH
Tel: +49 9645 9222 0

Power Amplifiers

www.rohrer-muenchen.de
Rohrer GmbH
Tel: +49 (0)89 8970120

www.digikey.com/europe
Digi-Key Tel: +31 (0)53 484 9584

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Power Modules

www.psl-group.uk.com
PSL Group UK Ltd.
Tel +44 (0) 1582 676800

www.fujielectric-europe.com
Fuji Electric Europe GmbH
Tel: +49 (0)69-66902920

WWWw.microsemi.com
Microsemi Tel: 001 541 382 8028

www.proton-electrotex.com/
Proton-Electrotex JSC/
Tel: +7 4862 440642;

Power Protection Products

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Power Semiconductors

www.psl-group.uk.com
PSL Group UK Ltd.
Tel +44 (0) 1582 676800

www.proton-electrotex.com/
Proton-Electrotex JSC/
Tel: +7 4862 440642;

Power Substrates

www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211
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Resistors & Potentiometers

www.isabellenhuette.de
Isabellenhtitte Heusler GmbH KG
Tel: +49/(27 71) 9 34 2 82

RF & Microwave Test
Equipment.
www.ar-europe.ie

AR Europe
Tel: 353-61-504300

Simulation Software

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211

Smartpower Devices

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Switches & Relays

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Switched Mode Power
Supplies

www.biaspower.com
Bias Power, LLC
Tel: 001 847 215 2427

Switched Mode Power
Supplies

www.power.ti.com
Texas Instrumments
Tel: +44 (0)1604 663399

Thermal Management &
Heatsinks

www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211
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Thermal Management &
Heatsinks
www.psl-group.uk.com

PSL Group UK Ltd.
Tel +44 (0) 1582 676800

Thermal Management &
Heatsinks
www.abl-heatsinks.co.uk

ABL Components Ltd
Tel: +44 (0) 121 789 8686

www.curamik.co.uk
curamik® electronics GmbH
Tel: +49 9645 9222 0

www.dau-at.com
Dau GmbH & Co KG
Tel: +43 3143 23510
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www.power.ti.com
Texas Instrumments
Tel: +44 (0)1604 663399

Thyristors

www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

www.proton-electrotex.com/
Proton-Electrotex JSC/
Tel: +7 4862 440642;

Voltage References

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
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sEMIKRON

innovation+service

Silicon Carbide Power Modules
Leading Chip and Packaging Technology
for Highest Energy Efficiency

10kW up to 350kW

Increased switching frequencies enable optimisation
and cost down of filter components

Reduced power losses lead to increased efficiency and lower
system cost and size through smaller cooling devices

Latest SiC chips of the leading suppliers

Various packages and connection technologies with
optimised chipsets for your application
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www.semikron.com



