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The cost of Solar energy is a hotly discussed topic. To calculate the cost of energy produced
by Photovoltaic panels one needs to depreciate the value of these panels over a number of
years. A typical value would be 25 years. As such manufacturers of these panels need to
give a warranty period and are interested in the long term reliability of their product.

Attached to the panels are the so-called Photovoltaic Junction Boxes (PV Boxes), necessary
when shading occurs on the panels. These PV boxes usually contain 3 rectifiers in series. The
rectifiers can be manufactured using either standard Silicon Technology or Schottky
technology. Millions of rectifiers are consumed every year by the solar industry. The rectifiers
always see either current or voltage when there is daylight. Over a time period of 25 years,
this accumulates into a lot of device hours. As a result there are a lot of questions about the
reliability of the rectifiers.

The problem in discussing reliability is that most semiconductor manufacturers give FIT data
(Failure in Time — number of failures in 10° device hours) based upon HTRB testing (High
Temperature Reverse Bias). They use the Arrhenius equation to determine FIT data at Tp =
85°C. The problem with this method is that reliability of a PV Box is determined by what
happens during shading, not by what happens when the diodes are reversed biased.

In normal operation, the rectifiers are reversed biased. The standard tests by TUV/UL/etc
assume worst case temperatures of 85°C. In general there are 3 rectifiers in series, and a
Schottky diode would see around 15V worst case. Such Schottky diode sees minimal stress
and it is impossible to fail a Schottky diode this way. In the normal operation during the
lifetime of the PV Box, the T, will be much lower.

HTRB testing looks for contamination and passivation defects. The acceleration factor in a PV
Box is minimal and should not be considered as a significant factor to produce reliability
problems. Also typically HTRB test are performed at a voltage that is twice as high as the PV
Box working voltage. This significantly increases the acceleration factors and the actual
performance will be better than that predicted by FIT data.

The real reliability of a PV Box however is determined by what happens during the shading
process when the Rectifiers conduct the full current. Here the T; of the rectifier is typically
anywhere between 130°C and 190°C. How often shading occurs is not very well known in
the industry and not a lot of statistical data are available. It can be quite insignificant in
purpose build large “Solar Fields” by energy providers. It can happen very often when
installed on a roof of a private house with a chimney.

The PV Box with the best reliability is the PV Box where the rectifiers have the lowest T;
when conducting the full current. This can be achieved with the right combination of a good
rectifier and a good thermal design by the manufacturer.

The failure modes would be more related to soldering or metallization defects — which are
not linked to HTRB testing.

Another factor that determines the reliability of a system is how well the materials of the PV
Box are matched. A different coefficient of thermal expansion between the various materials
surrounding the rectifier and the rectifier itself will add stress to the design. This also only
becomes visible when the module is shaded.

The discussion and clarifications about the trade-offs and reliability of various designs is only
needed for PV Boxes that use Schottky technology. In thin film PV Boxes that require
voltages of 800V, 1000V or even 1200V, standard Silicon technology is used. Leakage
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current and HTRB performance of the rectifier become completely irrelevant when discussion
the reliability of the PV Box. Here T; during shading is the only factor.

Several technologies exist to manufacture Schottky rectifiers. The Vi of a Schottky is
essentially determined by the combination of the barrier height of the metal used, the EPI
spec used and Breakdown voltage and the Die size (cost)

The Low Barrier Height, Low Temperature (LT) based products have a very low typical Vg but
a high Ig or leakage current. Their maximum temperature for AC operation is 125°C. They
can be ideal for portable equipment.

The High Temperature (HT) based products have a very high Ve and a very low Iz. They are
specified up to 175°C for AC operation and they actually are aimed at the automotive market
where some applications work with an ambient temperature of 125°C.

Diotec uses the standard barrier material for the Schottky diodes for the PV market. They
have a 150°C rating for AC operation and 200°C for DC operation. They are the best
compromise from a reliability and cost perspective.

In the area of the 125°C materials, the leakage current is quite high and will impact the
efficiency of the system in standby. Also when pushing these products over 150°C in DC
operation, the leakage losses may become unsustainable.

The 175°C Barrier materials add extra costs for no reliability benefits. Given the same die
size as the 150°C material, the T; will be significantly higher at e. g. 8A because the V¢ will
be higher. An increase of T; by 10°C during shading will reduce the lifetime of the box by
roughly 50% - as per the Arrhenius rule. This is what really matters. So-called reliability
improvements based upon higher acceleration factors and 175°C HTRB tests are not relevant
in this application!

The standard 150°C barrier material is indeed the best compromise. The worst case T; of
200°C during DC operation in forward direction can be accepted, as moulding compound
changes only take place over 200°C. Obviously designers are encouraged to keep the T; as
low as possible to maximize reliability. This can be achieved by improving the total thermal
resistance of the PV Box — adding a heat sink, use diodes in TO-220 package - and buying
the correct die size / Schottky.

Diotec Semiconductor has produced well over 200 million rectifiers that are currently in the
field in PV panels. The products based on standard 150°C barrier materials always passed
TUV/UL/etc tests (in dozens of boxes). At correctly made designs, it is not possible to
produce thermal runaway in normal circumstances. The products produce minimal field
failures.

Our reliability estimates reflect our experience of our products in the field. FIT data based
upon HTRB testing do not meaningfully reflect the actual reliability of rectifiers in real PV Box
applications.

Diotec manufacturers a wide range of products. The 12A axial Schottky is one of the most
common products. However 15A axial products with larger die are also available. These
larger die can further reduce the power dissipation during shading tests and reduce the
junction temperature of the rectifier. This improves the reliability.

Another improvement would be the SBX series of axial rectifiers with improved Ry, (on
request). The reduction of thermal resistance reduces the junction temperature and
improves the reliability.

For Surface Mount Assembly, Diotec manufacturers 18A and 20A single rectifiers with a good
Ve rating. Single die have advantages over so-called centre tap Rectifiers. Centre tap
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rectifiers share the current between 2 parallel die. The die are however never 100%
matched and this can lead to unbalanced current sharing.

If one looks at a Pareto analysis of field/production failures of rectifiers one sees that the
main root causes are:

- Lightning

- Dust Lines, Dirt and Bird Droppings

- Excessive ESD during testing / handling

- Voltage spikes (law of induction V=L*di/dt) caused during installation (uncovered
modules under sunlight) and improper testing at customers

Diotec has products aimed at solving the problems caused by Lightning/ESD/voltage spikes.
Contact Diotec for the so-called Protectifiers® series of bypass diodes — aimed and tested
specifically for those problems.
Diotec can support manufacturers on handling and potential testing of rectifiers in their
production to avoid problems.
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The information presented in our data sheets and other docu-
ments is to the best of our knowledge true and accurate. It de-
scribes the type of component or application and shall not be
considered as assured characteristics. No warranty or guaran-
tee, expressed or implied is made regarding the capacity, deliv-
ery, performance or suitability of any product or circuit etc, nei-
ther does it convey any license under the patent rights of oth-
ers. Diotec reserves the right to make changes without further
notice. However, regular updating of all product information is
provided on our website ). All Diotec products are sold and
shipped subject to our “Standard Terms and Conditions of Busi-
ness” ). The reproduction of all documents is prohibited with-
out the expressed written permission of Diotec Semiconductor
AG's Managing Board.

Disclaimer

1. All products described or contained are designed and intend-
ed for use in standard applications, so called commercial/indus-
trial grade, requiring an ordinary level of reliability.

2, Some products are available with the special grades “AEC-
Q101 compliant” respectively "AEC-Q101 qualified”. These are
intended for applications up to ASIL B, but not for ASIL C or D
3

).

3. Customers using these parts in applications requiring a spe-
cial or specific grade of quality or reliability, such as (but not
limited to) life supporting medical, defence, aerospace, sub-
marines, nuclear power etc, are obliged to validate whether the
use in such cases is appropriate. Usage in medical devices is
limited to applications with maximum class I according to Regu-
lation (EU) 2017/745.

Usage in all such cases is on the own and sole risk of the cus-
tomer.

4, If these products are to be used in applications requiring a
special or specific grade of quality or reliability (refer to item
3.), in which failure or malfunction of the product may directly
affect human life or health, user shall contact in advance Diotec
Semiconductor AG's Managing Board (Heitersheim, Germany) to
confirm that the intended use of the product is appropriate.

5. Although Diotec continuously enhances the quality and relia-
bility of its products, customers must incorporate sufficient safe-
ty measures in their designs, such as redundancy, fire contain-
ment, and anti-failure, so that personal injury, fire or environ-
mental damage can be prevented. Diotec excludes explicitly ev-
ery implied warranty or liability regarding the fitness of the
products to any other than standard applications.

6. All information described or contained herein are subject to
change without notice. Please contact Diotec to obtain the lat-
est information before incorporating Diotec products into any
design.

7. All information described and contained herein are intended
only to enable the buyer to order Diotec's products. The infor-
mation must not be used for any other purpose.

8. In the event that any product described or contained herein
falls under the category of strategic products controlled by the
Bundesamt fiir Wirtschaft und Ausfuhrkontrolle, Germany, this
product must not be exported without obtaining an export li-
cense from the Bundesministerium fiir Wirtschaft und Technolo-
gie, Germany in accordance with the valid laws.
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Alle Rechte vorbehalten

Die Angaben in unseren Datenblattern und sonstigen Dokumen-
ten sind nach bestem Wissen gemacht. Sie dienen jedoch allein
der Beschreibung und sind nicht als zugesagte Eigenschaften im
Rechts-Sinne zu verstehen. Es wird keine Gewahr beziiglich Lie-
fermdglichkeit, Ausfiihrung oder Einsatzmdglichkeit der Bauele-
mente ibernommen, noch dass die angegebenen Bauelemente,
Baugruppen, Schaltungen etc. frei von Schutzrechten sind.

Wir behalten uns Anderungen der aufgefiihrten Daten ohne vor-
herige Ankiindigung vor. Alle Anderungen werden jedoch regel-
maBig auf unserer Internet-Seite verdffentlicht ). Verkauf und
Lieferung von Diotec-Produkten erfolgt gemaB unseren “Allge-
meinen Geschéftsbedingungen” ?). Die Vervielfaltigung aller Do-
kumente ist nur mit schriftlicher Genehmigung des Vorstandes
der Diotec Semiconductor AG gestattet.

Haftungsausschluss

1. Alle beschriebenen oder enthaltenen Produkte sind fiir den
Gebrauch in Standardanwendungen mit einem gewdhnlichen
Zuverldssigkeitsniveau entworfen und bestimmt, bekannt als
kommerziell/industrielle Anwendungen.

2. Einige Produkte sind mit den speziellen Qualifikationen ,,AEC-
Q101 konform® oder ,AEC-Q101 qualifiziert" erhéltlich. Diese
sind fiir Anwendungen bis maximal ASIL B bestimmt, nicht aber
fiir ASIL C oder D 3).

3. Falls diese Produkte in Anwendungen verwendet werden sol-
len, die einen besonderen Grad der Qualitat oder Zuverlassig-
keit erfordern, z. B. (aber nicht begrenzt auf) lebenserhaltende
Medizintechnik, Verteidigung, Luft- und Raumfahrt, Unterwas-
serfahrzeuge, Nukleartechnik etc. ist der Anwender verpflichtet
sicherzustellen, dass der beabsichtigte Gebrauch des vorgese-
henen Produktes unbedenklich ist. Die Anwendung in Medizin-
produkten ist flir Anwendungen mit hochstens Klasse I gemaB
Verordnung (EU) 2017/745 zulassig.

Der Gebrauch fiir alle solche Anwendungen erfolgt auf eigenes
und ausschlieBliches Risiko des Anwenders.

4. Falls diese Produkte in Anwendungen verwendet werden sol-
len, die einen besonderen Grad der Qualitat oder Zuverlassig-
keit erfordern (siehe Punkt 3.), insbesondere wenn durch Aus-
fall oder eine Stérung des Produktes menschliches Leben oder
Gesundheit direkt beeinflusst werden kann, muss im Voraus der
Vorstand der Diotec Semiconductor AG (Heitersheim, Deutsch-
land) bestatigen, dass der beabsichtigte Gebrauch des vorgese-
henen Produktes unbedenklich ist.

5. Obwohl| Diotec die Qualitat und die Zuverldssigkeit seiner
Produkte bestdndig erhdht, miissen Kunden ausreichende Si-
cherheitsvorkehrungen in ihren Designs vornehmen — wie Red-
undanz, Feuereinddmmung und Ausfallschutz — damit Perso-
nenschaden, Feuer oder Umweltschadigung verhindert werden
konnen. Diotec schlieBt ausdriicklich jede implizierte Garantie
oder Verbindlichkeit aus, welche die Eignung der Produkte zu ir-
gendwelchen anderen als Standardanwendungen betrifft.

6. Alle Informationen, die hier beschrieben oder enthalten sind,
kdnnen jederzeit ohne jede Benachrichtigung geandert werden.
Vor Einsatz eines Diotec Produktes in irgendeiner Anwendung
sind bei Diotec die neuesten Informationen einzuholen.

7. Alle Informationen, die hier beschrieben oder enthalten sind,
sollen dem Kunden nur ermdglichen, Diotec Produkte zu bestel-
len. Die Informationen diirfen zu keinem anderen Zweck ver-
wendet werden.

8. Sollte ein hier beschriebenes oder enthaltenes Produkt unter
Beschrankungen fallen, die durch das deutsche Bundesamt fiir
Wirtschaft und Ausfuhrkontrolle geregelt werden, darf dieses
Produkt in Ubereinstimmung mit den giiltigen Gesetzen nicht
ohne Exportgenehmigung vom deutschen Bundesministerium
fir Wirtschaft und Technologie exportiert werden.

1 Refer to http://diotec.com/ “Products/Product Changes” respectively “News/Datasheets”

Siehe http://diotec.com/ ,Produkte/Produktdnderungen® bzw. ,News/Datenblatter"
2 Refer data book or http://diotec.com/ “Company” — Siehe Datenbuch oder http://diotec.com/ ,Unternehmen"
3 Refer to http://diotec.com/ “Products/Information/Qualification/Commercial Grade and AEC-Q101”

Siehe http://diotec.com/ ,Produkte/Informationen/Qualifizierung/Standard und AEC-Q101"

© Diotec Semiconductor AG

http://diotec.com/

Disclaimer


http://diotec.com/
http://diotec.com/
http://diotec.com/
http://diotec.com/

