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GaN Is a key enabler for power electronics

« GaN allows smaller form-factors and higher efficiency

« It also allows higher temperature operation, better radiation-hardness
« The lack of reverse recovery allows new topologies

« GaN is manufacturable as shown by the LED industry
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What makes GaN superior for power

_-

High-voltage operation Breakdown field (MV/cm)

High-temperature capability Bandgap Energy (eV) 3.4 1.1
Radiation-hard
Low on-resistance Electron Mobility (cm?/Vs) 2000 1400
- Saturated Electron Velocity (10" cm/s) 1.3 1
Fast switching _ ;
Peak Electron Velocity (10" cm/s) 2.8 1

However, the power industry is conservative and for widespread
adoption (of any new technology), customers need to be assured of
high reliability with a low probability of field returns

Are the traditional silicon qualification methods up to the task?



Does traditional qualification assure reliability?

1. How long is the device qualified for?
« 1000h at Tj=125C - 9 yrs. at Tj=55C (Si E,=0.7 eV), typically at 80%*
of max. Vds.
« 1000h at Tj=150C - 1.1y at Tj=105C (E,=0.7 eV). E, is uncertain for
GaN (values of 0.1 t0 1.84 eV)
2. Is the testing representative of actual-usage?
« Traditional testing does not consider the switching conditions of power
management.
3. Will there be many field returns?
« Zero fails/231 parts (3x77) gives LTPDt =1, which represents an upper
limit of 1% fail (90% confidence level) for the non-accelerated runtime.
« 0/231 also gives a maximum FIT rate of about 50 (60% confidence)
using the silicon assumptions.
* In order to get accurate statistics, the acceleration factor needs to be
determined for GaN, and the testing needs to be predictive of actual-
use conditions

Traditional qualification is a good manufacturing, quality and reliability milestone.

* The 80% is common practice and not specified in the present standard
TLTPD=Lot Tolerant Percent Defective
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2.

Is the testing representative of actual-usage?
« Traditional testing does not consider the switching conditions of power
management.

Hard-switching, a key use-profile for power management
applications, is not covered by traditional qualification testing

In fact, there is no generally prescribed testing to assure product-level
reliability due to the ever-evolving applications and materials used in the
industry (JESD94B)



Hard-switching is stressful for the device
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The FET is subject to repetitive hot-carrier stress, SOA boundaries, and high slew-rates.



Literature search for GaN application-

reliability testing

 Rhea et. al., Two-year reliability validation of 40V GaN (10 parts) in a
8V to 1V buck converter at 26.5C (WIPDA, 2015)

 Wu et. al., Three-thousand hour operation of 600V GaN (7 parts) in a
200V:400V boost converter at 175C (WiPDA 2014)

« Sheridan et. al., Three-thousand hour operation of 650V GaN (1 part) in
a SEPIC (Single-Ended Primary-Inductor) Converter with 200V input
and peak switch voltage of 400V at 150C. (PCIM 2014)

In general, JEDEC does not prescribe product stress tests due to evolving
applications and materials (JESD94B)

How do we validate application reliability?



How do we validate application reliability

« We identify a fundamental application stress condition (Hard-switching)
for power management applications.

« We choose a test vehicle to avoid product complexities which could
mask intrinsic failure mechanisms

« This approach is in accordance with JEDEC guidelines (JESD226 and
JESD94B)

« An ideal test vehicle will be well known, non-proprietary, and energy-
efficient.

Fundamental stress condition + good test vehicle = device + tester.



JEDEC-compliant* hard-switching test-vehicle

Boost converter with output tied to input
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Low-side only = no high-side drive complexity and failures
Accelerated testing

High-reliability SiIC Schottky diode

Short turn-on pulses save power *From JESD94B- “A test vehicle may be

preferable since the actual product complexity
may mask intrinsic failure mechanisms”



Hard-switching testing.

In JEDEC-compliant test-vehicle

Production-grade devices
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Hard-switching testing is able to detect the two key GaN failure modes:
dynamic Rds-on degradation and robustness (device hard-fail).
Several types of devices pass silicon qualification testing, but not all pass

hard-switching testing
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Poor application performance for hard-
switching fails

Devices that pass hard-switch testing run well in application without overheating,
efficiency loss or over-temperature faulting
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Passing silicon qual does not mean that devices will run well in
application as shown for Type “A” and “B” devices



What are the system-level stresses?

Swich node voltage (V)
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Coverage of system-level stresses

Goal: full coverage without duplicating tests

Coverage:
Green: good

- Red: poor

Hard Switching operation Coverage
Device off with high drain bias

Qualification

} Static operating modes

Dead time

Device on with high gate bias

Third quadrant operation

Switching transitions

HTRB=High Temperature Reverse Bias 13
HTGB=High Temperature Gate Bias



Stable devices run well in system
Test vehicle: half-bridge EVM card

Production-grade devices (validated by hard-

switching)
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Production-grade devices show long-term stability
It shows that there are no other highly stressful failure modes
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Reliability coverage assessment

Goal: full coverage without duplicating tests

Qualification |

Coverage:
Green: good
Red: poor

Hard Switching operation Coverage

Device off with high drain bias

Device on with high gate bias

Third quadrant operation

Switching transitions

Soft-switching operation | ?
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Hard-vs soft-switching

Hard-switching is more stressful than soft-switching (shown on
non-production devices)

Switching stress: 600V/150C
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Soft-switching and HTRB result in similar
type of stress
1.8

600V/150C devices exhibiting

1.6 dRon degradation
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» Off-state stress can cover dRon degradation during soft-switching

|t will not, however, stress the failure modes due to hard-switching: hot-
carrier effects, SOA boundaries, and high slew-rate effects.

« HTRB plus hard-switching provides good reliability coverage
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Coverage scorecard for a device passing
gual and hard-switching testing

Coverage:

Qualification | Green: good
? Red: poor

Hard Switching operation Coverage
Device off with high drain bias

Device on with high gate bias

Third quadrant operation

Switching transitions

Soft-switching operation -
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Conclusions

« GaN is a key enabler for power electronics. To gain widespread
acceptance in a conservative market, reliability needs to be assured.

 Traditional qualification testing does not cover power management
device stresses, nor prescribe product-level qualification.

« We address this issue by identifying hard-switching as a fundamental
switching profile for power management, and by using a test vehicle to
apply the stress. This reduces the problem to one of a device and tester

« Hard-switching is necessary to assure product-level reliability for power
management applications. We show that passing silicon qualification
does not guarantee good application-level performance.

» Devices that pass silicon qualification and hard-switching reliability
testing perform well in application
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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