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,Low Vf" Bipolar Diodes for Standard Modules (up to 8 A)
F1200D, EX2000D, EX20K120, FT2000AD/KD
FR20DYD2, FR20GKD2

Reverse Voltage up to 200V

= more rugged against voltage spikes
Lower leakage current than Schottky diodes

= reduced losses in normal mode of operation
Forward losses smaller than for standard rectifiers

= acceptable losses in bypass mode

Schottky Diodes for High Current Modules (up to 16 A)
SB1240-3G, 155Q045-3G, SB1540-3G, 20SQ045-3G
SBX2045-3G, SBX2545-3G, SBX3040-3G, SBX4045-3G
PPS1045-3G, PPS1545-3G
SK2045CD2-3G, SK2545YD2-3G, SK3045CD2-3G, SK4045YD2-3G
30CTQ045, 30CTQ045S, SK30100PQ
SBPD4050T1, SBPD1545T3

Low Forward Voltage Drop
= reduced losses in bypass mode
Lower Leakage current than “ultra low Vf" Schottky’s
= acceptable losses in normal mode of operation
High Voltage Diodes for Thin Film Modules

BY880-1000, BY880-1400, P2000M, P2000MTL, P2500Y

Reverse Voltage up to 2000 V

= for thin film modules and for blocking operation
Forward current up to 25 Amp

= acceptable losses in normal mode of operation
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Function of Bypass Diodes

Normal operation Bypass operation

T
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During construction of solar modules, single cells are switched in series to so called “strings” to achieve higher
system voltages, see left picture above.

If one or more cells are shaded (e.g. by branches of trees, antennas, etc), the affected solar cells are no more
acting like a current source, but as power consumers. Non-shaded cells are delivering further current through
them, generating high powerlosses. “Hot spots” may occurand even cell breakdowns.

To overcome this problem, bypass diodes are switched parallel to every single or some combined cells,
bypassing current flow across the darkened strings, right picture above.

Like every semiconductor device, also bypass diodes have got a certain leakage current, which in normal
mode of operation reduces the current supplied by the cells and therefore decreases efficiency of the solar
module (see red turn-down arrows in the picture above). Therefore leakage current especially at higher
temperatures (full sun irradiation!) should be as low as possible. Compared to that, partly shading of
modules is only an extreme operation mode which should be completely avoided or at least occurs only
during short time periods. For this mode of operation, low forward losses are desirable. Finally, the bypass
diode has to be rugged against overvoltage spikes. Such spikes may occur during assembly of the system, if
e.g. current conducting cables are interrupted, or during operation, caused by lightning etc.
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Bypass Diode Tests

Existing standards (e. g. IEC 61730-2, IEC 61215) describe a bypass diode test, applying the module short circuit
current for one hour, at an ambient temperature of 75°C. At this test, the junction temperature of the diode has to
stay below the maximum admissible value. From 2014, IEC 61215-2 describes two procedures to estimate this
junction temperature.

IEC 61215-2, Procedure 1
Uses this formula:
Tj = To/c+ Rinyc* Vi * Isc

Where:
Tj = junction temperature of the diode, maximum admissible value see datasheet
Tuc = temperature of contact leads (L) resp. cooling fin of case (C) !

Rwn/c = thermal resistance junction — contact lead (L) resp. cooling fin of case (C)
Vs forward voltage drop across diode
Isc module short circuit current

This procedure requires the correct measurement of temperature and correct usage of thermal resistance
values given in the data sheet'.

IEC 61215-2, Procedure 2

At this procedure, the junction box equipped with diodes has to be placed in a thermal chamber and V; to be
tested at L. and several ambient temperatures (30°C, 50°C, 70°C, 90°C). Care has to be taken that V; is tested at
very short pulses (about 1ms), to avoid self-heating and thus misreading. Furthermore, four-wire-sensing (also
called Kelvin contacting) has to be used. The resulting function

T; = (V)

can be extrapolated linearly towards higher temperatures. In a second step, the junction box is kept at 75°C, and
I.. applied for one hour. By measuring the forward voltage drop V; (Kelvin contacting!), from above function the
according T, can be derived. This procedure does not require thermal measuring nor thermal resistance
calculations, so avoids a lot of misunderstandings and wrong results. It requires however dedicated
semiconductor test equipment, providing short pulses and Kelvin contacting. We recommend using this

procedure.

To comply with the bypass diode test, products by Diotec are offering several advantages:

\'/;
Reduced power losses inside the diode by reduced forward voltage drop V.. Possible with ,,Low Vf*-bipolar
diodes as well as Schottky diodes.

T;

The maximum admissible junction temperature is normally based on a DC load of 80% of the maximum
reverse repetitive voltage V.. If the actual occurring reverse voltage is much below this value, as typical for
solar modules (e. g < 30% V), a higher T,can be specified. See parameters in the Diotec datasheets.

RthL/C

At higher currents, the junction temperature can be reduced by suitable cooling measures. Ideally suited in
this case are package outlines like TO-220 und D°PAK, having low thermal resistance junction to case.

1 Refer to last page respectively
http://diotec.com/tl_files/diotec/files/pdf/service/applications/thermal-measurements-on-bypass-diodes. pdf
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Standard/High Voltage Rectifier

+ Reverse voltage up to 2000 V

+ Rugged against over voltage

+ Nominal current up to 25 Amp

+ Low leakage current, therefore reduced losses in normal mode of operation

- Higher forward voltage drop (typ. 1.0 Volt), therefore higher losses in bypass operation

Types e.g.
BY255/BY2000 — 3A, BY550 — 5A, BY880 — 8A, P600 — 6A, P1000 — 10A, P2000 — 20A, P2500 — 25A

,Low Vf* Rectifier

“Low Vf” rectifier by Diotec are bipolar diodes, having also at higher temperatures a low leakage current. By
optimizing the Si-chip it was possible to reduce forward losses compared to standard rectifiers by more than
10%, having positive impact on forward losses.

+ Reverse voltage up to 400 V

+ Rugged against over voltage

+ Nominal current up to 20 Amp

+ Available as Protectifier® - Low Vf and robust reverse characteristic

+ Reduced forward voltage drop (typ. 0.8 to 0.9 V), therefore lower losses/lower temperature in bypass
operation

+ Low leakage current, therefore reduced losses in normal mode of operation

Types e.g.
F1200 — 12A, FX2000 — 20A, FX20K — 20A (Protectifier®), FT2000 — 20A (heatsink assembly!)

Schottky Rectifier

+ Reverse voltage up to 45 V
+ Nominal current up to 40 Amp
+ Low forward voltage drop (typ. 0.5 to 0.7 Volt), therefore low losses/low temperature in bypass operation
+ Available in 3" Generation Schottky Chip technology (-3G): Low Vf and Low Ir
- Higher leakage current, therefore higher losses in hormal mode of operation;
it is recommended not to load the diodes with DC voltage higher than 30% Vg,

Types e.g.

80SQ05 — 8A, SB12.. — 12A, 155Q — 15A, SB15.. — 15A, 20SQ — 20A (Axial lead)

SBX20 — 20A, SBX25 — 25A, SBX30 — 30A, SBX40 — 40A (Low R,, Axial lead)

SBT10.. — 10A, SBT18.. — 18A, SBCT20.. — 20A (TO-220)

PPS10 — 10A, PPS15 — 15A (Power-SMD)

SK18...D2 — 18A, SK20...CD2 — 20A, SK30...CD2 — 30A, SK40...CD2 — 40A (D2PAK)

SK15...YD2 — 15A, SK20...YD2 — 20A, SK25...YD2 — 25A, SK40...YD2 — 40A (D2PAK in “Y" configuration)

Datasheets of all mentioned products can be found at www.diotec.com

2 From some manufacturers offered “ultra low Vf” Schottky diodes have got beside a very high hot leakage current also a lower
maximum admissible junction temperature, and are therefore less suited for bypass operations.
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Customized solutions

Axial bypass diodes are inserted into the junction box with leads bent. Care has to be taken to do this bending
properly, i.e. with strain relief of lead wires during bending.

As a special service Diotec offers to supply the leads in 2 ways:

Special offer 1:
Pre-bent leads for direct insertion into the connectors, saving time and effort during assembly, at only low
additional costs.

Special offer 2:
Welding of the leads towards metal lead frames.

Please inform us beforehand if you wantitin one of those 2 ways.

testpoint
Tewe = T¢!

testpoint l
T, ..=T!

case
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Typ
=

> _<

3

Do not hesitate to contact us for further questions and schematics:
technicalsupport@diotec.com

This application note describe circuit proposals and shall not be considered as assured and proven solution for any device. No warranty
or guarantee, expressed or implied is made regarding the availability, performance or suitability of any device, circuit etc, neither does it
convey any license under its patent rights of others.

3 Refer to http://diotec.com/tl_files/diotec/files/pdf/service/applications/correct-bending.pdf
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All rights reserved

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 no-
tice. 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 in-
tended for use in standard applications, so called commercial/
industrial 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
automotive standards 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 devices or systems, where failure or
malfunction of the product may directly affect human life or
health, are obliged to validate whether the use in such cases is
appropriate.

Diotec does not assume any liability arising out of such applica-
tions or uses of its products. Usage in all such cases is on the
own and sole risk of the customer.

4. Although Diotec continuously enhances the quality and relia-
bility of its products, customers must incorporate sufficient
safety measures in their designs, such as redundancy, fire con-
tainment, and anti-failure, so that personal injury, fire or envi-
ronmental damage can be prevented. Diotec excludes explicitly
every implied warranty or liability regarding the fitness of the
products to any other than standard applications.

5. 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.

6. 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.

7. In the event that any product described or contained herein
falls under the category of strategic products controlled by the
German Federal Office of Economics and Export Control, this
product must not be exported without obtaining an export li-
cense from the German Federal Ministry for Economic Affairs
and Climate Action in accordance with the valid laws.
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Alle Rechte vorbehalten

Die Angaben in unseren Datenbldttern und sonstigen Doku-
menten sind nach bestem Wissen und Gewissen gemacht. Sie
dienen jedoch allein der Beschreibung und sind nicht als zuge-
sagte Eigenschaften im Rechts-Sinne zu verstehen. Es wird kei-
ne Gewahr beziiglich Liefermdglichkeit, Ausfihrung oder Ein-
satzmdglichkeit der Bauelemente (ibernommen, noch dass die
angegebenen Bauelemente, Baugruppen, Schaltungen etc. frei
von Schutzrechten sind.

Wir behalten uns Anderungen der aufgefiihrten Daten ohne
vorherige Ankiindigung vor. Alle Anderungen werden jedoch re-
gelmaBig auf unserer Internet-Seite verdffentlicht ). Verkauf
und Lieferung von Diotec-Produkten erfolgt gemaB unseren
“Allgemeinen Geschaftsbedingungen” ?). Die Vervielfaltigung al-
ler Dokumente ist nur mit schriftlicher Genehmigung des Vor-
standes der Diotec Semiconductor AG gestattet.

Haftungsausschluss

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

2, Einige Produkte sind mit den speziellen Qualifikationen , AEC-
Q101 konform" oder ,AEC-Q101 qualifiziert" erhdltlich. Dies
sind Automotive-Standards 3).

3. Falls diese Produkte in Anwendungen verwendet werden sol-
len, die einen besonderen Grad der Qualitdt oder Zuverldssig-
keit erfordern, z. B. (aber nicht begrenzt auf) lebenserhaltende
Gerdte oder Systeme, bei denen durch Ausfall oder eine Sto-
rung des Produktes menschliches Leben oder Gesundheit direkt
beeinflusst werden kann, ist der Anwender verpflichtet sicher-
zustellen, dass der beabsichtigte Gebrauch des vorgesehenen
Produktes unbedenklich ist.

Diotec libernimmt keine Haftung die sich aus solchen Anwen-
dungen oder der Verwendung der Produkte ergibt. Der Ge-
brauch fiir alle solche Anwendungen erfolgt auf eigenes und
ausschlieBliches Risiko des Anwenders.

4, Obwohl Diotec die Qualitat und die Zuverlassigkeit seiner
Produkte bestandig erhoht, miissen Kunden ausreichende Si-
cherheitsvorkehrungen in ihren Designs vornehmen — wie Red-
undanz, Feuereinddmmung und Ausfallschutz — damit Perso-
nenschaden, Feuer oder Umweltschadigung verhindert werden
kdnnen. Diotec schlieBt ausdriicklich jede implizierte Garantie
oder Verbindlichkeit aus, welche die Eignung der Produkte zu
irgendwelchen anderen als Standardanwendungen betrifft.

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

6. 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.

7. 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
fiir Wirtschaft und Klimaschutz exportiert werden.

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

Siehe http://diotec.com/ ,Produkte/Produktédnderungen™ 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"
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