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1. Introduction

The aim of this applications note is to clarify the link between the absolute maximum 
rating of gate - source voltage (VGS) for a logic level power MOSFET, the design 
maximum gate source voltage rating and the long-term reliability of the product.

2. Key points

• NXP data sheets are compiled based on the requirements of IEC60134 and 
JESD22A108.

• This application note applies to all 25 V and 30 V drain-source voltage (VDS) rated 
NXP N channel power MOSFETs with RDS(on) quoted at a VGS of 4.5 V and 10 V, with 
an absolute maximum VGS rating of 20 V. Such parts are described as “Logic Level” 
and the gate rating letter in the part number will be “L”.

• The absolute maximum rating of the gate source voltage (VGS) is 20 V. This is an 
absolute maximum condition that must not be exceeded within the lifetime of the 
product within the customer’s application. This rating is not intended as a guarantee 
of the reliability of the product up to the absolute maximum rating, (i.e. it does not infer 
any long-term capability) but as a guideline as to the level of applied voltage above 
which there is a risk of immediate damage to the product.

• The High Temperature Gate Bias (HTGB) reliability of these products has been 
verified using an applied VGS of 16 V (i.e. 80 % of the absolute maximum value) for 
1000 hours at a temperature of 150 °C. This is the maximum operating voltage that a 
design engineer should consider when using these parts. Any excursions above this 
value should be limited to 20 V and be short and infrequent in nature (e.g. voltage 
spikes). These products should not be used if a gate drive voltage in excess of 16 V is 
to be applied to the device. 

• This approach of performing gate bias life testing at 80 % of the absolute maximum 
rating is consistent with the relevant quality specifications and the approach of a 
number of competitors for this type of product. Most other NXP N channel power 
MOSFETs undergo gate bias life testing at 100 % of the absolute maximum rating.

• To ensure that all devices are compliant to the absolute maximum VGS rating and to 
ensure the reliability of the product, all NXP devices experience a short duration 
production test that applies a VGS greater than the absolute maximum VGS level. This 
test is carefully designed to filter out devices with weak gate oxides without damaging 
good devices. This is a standard test applied to NXP power MOSFETs to ensure the 
long term reliability of our products.

• Performing gate bias life tests at 80 % of the absolute maximum VGS rating is suitable 
for the applications in which the products covered by this application note will be 
used. For example, for applications such as a computer motherboard, the applied 
gate voltage will be either 5 V ± 5 % (4.75 V to 5.25 V less driver voltage drop, from 
ATX supply specification) or 12 V ± 15 % (10.2 V to 13.8 V less driver voltage drop, 
note that the ATX specification is tighter at 5 %). In this case, the gate driver voltage 
will be less than the 16 V life tested value.
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3. Life testing constraints

When designing a power MOSFET technology there are two conflicting constraints with 
respect to the gate oxide thickness used in the technology. Achieving a low RDS(on) at a 
low applied level of VGS infers a thin gate oxide, whereas a high absolute maximum VGS 
rating infers a thick gate oxide. In most cases, both requirements can be met whereby 
gate bias life testing can be performed at a value of 100 % of the absolute maximum 
rating. However, there are some instances where this is not possible.

When logic level devices were first introduced they were designed to interface directly to 
5 V logic. The devices were designed so that a guaranteed RDS(on) was quoted at 5 V and 
10 V. The maximum gate rating was quoted at a VGS of 20 V and the device was life 
tested under that condition.

However, as these parts started to be used with bootstrap power supplies (e.g. high side 
MOSFET in a buck converter), customers required the RDS(on) to be guaranteed at 4.5 V 
to take into account the diode drop in the bootstrap circuit and also to account for the 
tolerance of the 5 V rail of the computer power supply. In order to guarantee the RDS(on) at 
4.5 V a slightly thinner gate oxide is required. A consequence of this is that the maximum 
DC voltage that can be reliably applied to the gate is also reduced. 

Since some customers still required an absolute maximum rating of 20 V to ensure that 
the device was not damaged by voltage transients of up to 20 V, gate bias testing was 
reduced to 80 % of the absolute maximum rating to ensure that the device was reliable for 
the DC gate drive voltages that the devices were expected to experience. In addition, gate 
oxide screening tests remained above 20 V and gate leakage tests at 20 V were still 
applied to ensure that the devices would withstand gate voltage transients up to the 20 V 
absolute maximum voltage level. 

4. IEC and JEDEC standards conformance

4.1 JEDEC JESD22A108C section 4.2.3.4 High temperature gate bias 
(HTGB)
This section states:

“The HTGB test biases gate or other oxides of the device samples. The devices are 
normally operated in a static mode at, or near, maximum-rated oxide breakdown voltage 
levels. The particular bias conditions should be determined to bias the maximum number 
of gates in the device. The HTGB test is typically used for power devices.”

This allows 80 % of the rated maximum voltage to be used as the bias voltage for this test.

4.2 IEC60134 paragraph 4: Absolute maximum rating system
This section states:

“Absolute maximum ratings are limiting values of operating and environmental conditions 
applicable to any electronic device of a specified type as defined by its published data, 
which should not be exceeded under the worst probable conditions.
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These values are chosen by the device manufacturer to provide acceptable serviceability 
of the device, taking no responsibility for equipment variations, environmental variations, 
and the effects of changes in operating conditions due to variations in the characteristics 
of the device under consideration and of all other electronic devices in the equipment.”

This defines the worst case conditions and highlights the responsibility of the designer to 
ensure that the absolute maximum value is never exceeded. It does not explicitly place 
any obligations on the manufacturer in terms of long term reliability. The aim of this 
applications note is to clarify the link between the absolute maximum rating and the long 
term reliability of the product.

5. References

[1] JEDEC JESD22A108C section 4.2.3.4  — High temperature gate bias (HTGB)
[2] IEC60134 paragraph 4  — Absolute maximum rating system
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6. Legal information

6.1 Definitions
Draft — The document is a draft version only. The content is still under 
internal review and subject to formal approval, which may result in 
modifications or additions. NXP Semiconductors does not give any 
representations or warranties as to the accuracy or completeness of 
information included herein and shall have no liability for the consequences of 
use of such information.

6.2 Disclaimers
General — Information in this document is believed to be accurate and 
reliable. However, NXP Semiconductors does not give any representations or 
warranties, expressed or implied, as to the accuracy or completeness of such 
information and shall have no liability for the consequences of use of such 
information.

Right to make changes — NXP Semiconductors reserves the right to make 
changes to information published in this document, including without 
limitation specifications and product descriptions, at any time and without 
notice. This document supersedes and replaces all information supplied prior 
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed, 
authorized or warranted to be suitable for use in medical, military, aircraft, 
space or life support equipment, nor in applications where failure or 
malfunction of an NXP Semiconductors product can reasonably be expected 
to result in personal injury, death or severe property or environmental 
damage. NXP Semiconductors accepts no liability for inclusion and/or use of 
NXP Semiconductors products in such equipment or applications and 
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these 
products are for illustrative purposes only. NXP Semiconductors makes no 
representation or warranty that such applications will be suitable for the 
specified use without further testing or modification.

6.3 Trademarks
Notice: All referenced brands, product names, service names and trademarks 
are the property of their respective owners.
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