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Outline

Introduction
Traditional Si qualification and gaps for power management

Steps to achieving reliable GaN

Validating application reliability
— Component-level reliability
— Datacenter, server, telecom mission profiles
— Power-supply level reliability (DHTOL, JEP180)

Reliability for unusual and extreme conditions
— Surge robustness without avalanche
— Short circuit withstand
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Benefits of GaN
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GaN Is used for a wide variety of applications

Datacenters
Servers
Notebook adaptors
Smartphone chargers
Solar inverter

Telecom AC/DC rectifier
EV chargers
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GaN enables datacenter energy savings Lowers Opex $
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4kW Interleaved PFC with Silicon MOSFETs

‘= "2 98.0%

Efficiency

Datacenter power per year 100,000 kw
Energy in 1yr (computing + cooling), 24/7, 365 876,000,000 kWh
Energy for computing 438,000,000 kWh
Efficiency improvement using TP PFC 0.8 %
Energy savings in computing 3,504,000 kWh
Energy savings in computing + cooling 7,008,000 kWh
Electric energy unit cost 0.1 $/kWh
Savings/yr 700.8 $k
Energy savings over 10-yrs 7,008 3k
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4kW Bridgeless totem-pole PFC with GaN

GaN enables totem-pole bridgeless PFC, which
is not realizable with Si MOSFETs

» high Qrr of Si power MOSFETs can cause

shoot-through in this topology

* GaN has zero Qrr
GaN provides $7M savings in a 100MW data
center over 10-yrs through +0.8% efficiency
gain
Let’s see what is the reliability of GaN for this
application?

5
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What does traditional Si qualification mean?

1. Devices should not fail with best-practice stress testing

Qualification condition | | Useconditon ______|

Tj (°C) Time (h) Ea (eV) T) (°C) Time (y)
Traditional 125 1000 0.7 55 8.9
Power 150 1000 0.7 105 1.1

2. There should not be many field returns
« Zero fails out of 3x77 parts leads to the defectivity and FIT rate statistics below

Fail% (LTPDY) <1% 90% 0 fails/231 for non-accelerated time
FIT rate <50 60% 0 fails/18.2M run hours

However, this assumes that the stress testing is representative of actual-usage.
« Traditional Si qualification testing does not consider the switching conditions of power

management. This is a weakness in the Si methodology itself.
1 LTPD=Lot Tolerant Percent Defective
1 1 FIT=1 fail in 1E9 device hours 6

“A comprehensive methodology to qualify the reliability of GaN products”, available at www.ti.com/lit/wp/slyy070/slyy070.pdf
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https://www.ti.com/lit/wp/slyy070/slyy070.pdf

Switching reliability is not traditionally covered

@E_ state mode coverage
:|_|_ ff HTRB
Static °

5A
—_—
GaN on HTGB
200V FET2 400 V - 5
GaN Load switching (hard) turn-on (?)
FET1 (soft) turn-off (?)
Power-supply [shoot-through,

level reverse recovery etc | (?)
500 - . 20 50 Hard-switching turn-on locus
e ¥ : :
o 400 ~. , .— Due to high v = T Turnon
& LS slew rate - = 15
S 300 o o Typical High
@ 10 3 5 10 Temperature
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B oy e 1 s - 5 & 8 S (HTRB) test
§ ' ’ ° Y (off-stat
£ | FET1 Vpg and I 0 (off-state)
0 ' 0
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Switching can excite different failure mechanisms vs off-state, e.g. hot-carrier related, power-supply level 7

“Product-level Reliability of GaN Devices”, IEEE IRPS 2016, available at www.ti.com/lit/ml/slyy093/slyy093.pdf
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https://www.ti.com/lit/ml/slyy093/slyy093.pdf

Is GaN* reliable? “(power FET)
Is that the right question..... anymore?

« For mature technologies, customers do not ask, e.g is Si reliable?
* The question is typically “did this FET pass qualification?”

« GaN now has considerable reliability experience, and a JEDEC committee
(JC70) with GaN-specific guidelines, e.g. JEP180

* There is now a common approach to validate the reliability of GaN power FETs

* The question is not “Is GaN reliable?”, but “did this GaN FET pass qualification?”

8

“Is GaN reliable, or is that the right question?”, available at https://e2e.ti.com/blogs_/b/powerhouse/posts/is-gan-reliable
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https://e2e.ti.com/blogs_/b/powerhouse/posts/is-gan-reliable

Steps to achieving reliable GaN

Component level

Established framework for Si
gualification and reliability

GaN failure mechanisms,
Lifetime extrapolation

GaN-specific test methods

Extreme operation (lighting surge,

short-circuit)

Standards/quidelines

JESD47, AEC-Q100/Q101,
JEP122

JEP173: Dynamic ON-Resistance Test Method
JEP182: Continuous Switching Test Method

JEP180: Switching Reliability
Evaluation for GaN Power Devices

————————————————————————————————————————————————— 9

“Achieving GaN Products With Lifetime Reliability”, Tl Technical Whitepaper, available at www.ti.com/lit/wp/snoaa68/snoaa68.pdf
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https://www.ti.com/lit/wp/snoaa68/snoaa68.pdf

Component-level faillure mechanisms

1. Time dependent breakdown (TDB)

Field Plate

Passivation

Source Gate-drain
\

Barrier (AlGaN)
Channel (2DEG)

Buffer (GaN/AIGaN)

Drain to

substrate ]\

Drain

Substrate (silicon)

« High fields cause defect generation over
time, increasing the leakage currents and

causing eventual hard-failure

 Well known and studied for dielectrics

usedin Si IC’s

3. Hot carrier wearout (discussed later)

2. Charge trapping

Field Plate
Electron

Passivation trapping at
high Vds

\/ Drain

Source

©)
Insulator @ @ @

Barrier (AlGaN)

Channel (2DEG)
@ OO0\ 60 0 6

Buffer (GaN/AlGaN)
Fewer channel
electrons remaining

Substrate (silicon)

Charge is trapped due to high voltages and by hot
electrons created by hard-switching

This increases on-resistance by repelling channel
electrons, which increases channel resistance.
Dynamic Rds-on is high on the timescales of
switching. It is difficult to measure on a tester, since
the traps discharge quickly. 10
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Reliability calculations need mission profiles

A mission profile is the simplified representation of all of the relevant conditions to which a device will be
exposed in its intended application throughout the full life cycle (1)

[

Vds

v

time

50% duty cycle
60 V ring, 30 ns
150 kHz

(1) JEDEC JEP148B

Datacenter and server

Load level Tj (°C)

10% 10% 72 |
Typical bus voltages are

20% 20% e 400-450 V

50% 50% 79

100% 20% 97

Telecom

T (0
Typical bus voltages are

0 0
o% 0% 88 400-430 V
100% 10% 97

11
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Reliability assessment for TDB faillure mechanism

T1 has built a Time Dependent Breakdown (TDB) model incorporating 1.8M device hours
of testing using special test structures

Datacenter and server

Load level Ti (°C ) 10 year FIT rate calculation for LMG3422R030
o . D part for the TDB failure mechanism (1 FIT is one

10% 10% 2 failure in 10° operating hours)

20% 20% 73

50% 50% 9 . 1.44 x 102 FITs for V_bus=450 V

100% 20% 97 -

Telecom

Load level Tj (°C)

80% 90% 88 — 1.52 x 10 FITs for V_bus=430 V

100% 10% 97

Tl GaN parts are reliable to TDB for datacenter, server, and telecom mission profiles

12
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- - - - . JEP180isaf d load with
Switching reliability: JEP180 et ACCount 2t WAJSdRC.OT)
« Traditional qualification does not consider the switching stress of power supplies
« JEP180 assures that GaN parts will operate reliably in the intended application

Key aspects Approach
_____________________________________________________ .
: I
: How to obtain | > Classify switching-stress type with switching locus SWitChing :
I
, | broad coverage Harsher stress condition covers milder use-case locus :
L o o o o o m - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = =
T n ot Chose a test-vehicle circuit appropriate for accelerating
Ow 10 vallaate : : .
the desired switching-stress type
Component i —
level lifetime Run Accelerated Lifetime Testing for the technology
platform to generate a model and calculate lifetime
How to validate
Power aoplication-use ::> Run Dynamic HTOL testing for application operating
Supply level PP . modes by using a product-vehicle circuit
reliability
JEDEC JEP180, “Guideline for Switching Reliability Evaluation Procedures for Gallium Nitride Power Conversion Devices”, Fig. 1 13
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Switching locus curve - introduction

* The switching locus curve is familiar to many engineers

» Switching locus curve shows the trajectory of the i5-vpg waveform during a
switching cycle

« A common example is the load line for resistive-load switching

i
A
ipl Turn-on
> transition
Ups Switching locus curve for \"\
.. . . Turn-off
resistive switching fransition .
° ~vYDS
Source: Fig. 2, JEDEC JEP180 14
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Switching locus : classify switching stress

) ) ) ) Ip Turn-on
Buck converter High-side device in a 4 «——— transition
buck converter (hard \
—~ o turn-on). Turn-off is not Hard, hot
HS hard since the channel \ carriers
_ | is off while Vds rises Turn-off
L .. .
. in is from Coss transition g
C) TCin | éﬁar : VUps
Vsw ging).
LSJE Load lp Turn-off
transition
= ~_ <>—VUps
Low-side device in a
Boost converter: Interchange high buck converter (soft . «— Turn-on
and low-side loci turn-on and turn-off) ' transition

Switching locus figures source: Fig. 2, JEDEC JEP180

15

A test-vehicle circuit applying relevant switching stress (judged by the switching locus) will provide broad
coverage for all circuits with that type of locus
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Determining switching lifetime: JEP180

Component
level

Key aspects

Approach

Classify switching-stress type with switching locus

Switching

How to obtain >
broad coverage

Harsher stress condition covers milder use-case

locus

How to validate

Chose a test-vehicle circuit appropriate for accelerating
the desired switching-stress type

Charge trapping,

switching —

lifetime

How to validate

application-use |::>

reliability

Source: Fig. 1, JEDEC JEP180

Run Accelerated Lifetime Testing for the technology
platform to generate a model and calculate lifetime

Hot-carrier wearout

Run Dynamic HTOL testing for application operating
modes by using a product-vehicle circuit

16
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Literature summary on switching lifetime

600 V — 650V GaN FETs

Locus_RC load vs. Inductive load

MTTF vs. Peak Drain Current

Voltage (V)

. :RC load we
b ==== :Inductive load
A = 0.058A"
i
E e
= e
Paig
“u
o s 0 " »
Poak Drain Comment
MTTF vs. Stress Voltage
"o
~,
i Ea = 0.3%¢eV =t \\\\ { A = 0,036V |
M. Lin et al. (TSMC) “New : e 3 A
. . 3 g E »
Circuit Topology for System- .
Level reliability of GaN”, R
ISPSD 2019’ p299 2 2 “u -‘1;:"“ % 2 2 I,.. 20 :-.-wu-::a 0 oo
LE+07 .
Swi tching locus T=150 °C, Voltage Acceleration % V=650V, Temperature Acceleration
i TTREN < 160 S
. e . = w =
: 5
Hi Eh sde g =8 \‘w\ W \l-“‘.“\
2 ao Conductioh < . v 1E403
0 1E+04 .. £ N
v F
ON-state E Lo ) .. .. ‘ 3 m:g;’lﬂ'
Time to Fail (hrs) € —————=5 LE Time to Fail (hrs) « e
Jero vohage T ON (Voltage)™=17 LEa2
O ————= = % = LEs02 7 100 15 150 175
T 400 a50 500 550 600 650 700

Tae (C)

D. Gandhi (Navitas), “Systematic Approach to GaN Power IC
Reliability, APEC PSMA Industry session IS11, 2019

T1 switching lifetime: following slides

* Constant lpp N (h) VDD dependence
L 2
D1 _ =0 ? -‘
R < - £
) =2 0B= 0039 5
DUT 1 0 E 300 500 J
g T =4 Vop (V) ]m,, 7
- V5p=520V g40v T .
ANy P N L T
TIVer 0 100 200 300 400 500 600 700 107 105 103 107 10! 10%
Ins Vds [V] Lifetime (h)
= 2 (a) Temperature dependence s (c) Ip dependence
103 10
A. Ikoshi et al. (Panasonic), D0 |2, Ea-0ley ol s
. . . . — = —— — = 10 A
Lifetime Evaluation for Hybrid- =, [# S, |7 a0 ] /
Draln-_embedded Gate Injection - Loomay ] IR =, e rhded Ul
Transistor (HD-GIT) under = / Yo - i BTx w0a oisa
. . . . 6 495°C 6 A a
Practical Switching Operations, ° ~—— == = = [ |« 07 100 100 100 100 10°
IRPS 2018, p4E2-1 Lifetime (h) Lifetime (h)
0.20

7

On-wafer

CLAMP CIRCUIT

puT

-

N. Modolo et al. (U. Padova), “A Generalized Approach to Determine
the Switching Reliability of GaN HEMTs on-Wafer Level”, IRPS 2021

severe hard switching

Vds (V)

17

wi» TEXAS INSTRUMENTS



Charge trapping: dynamic Rds-on with aging

Turn-on

Field Plate

Electron
Passivation trl'?_p;I)‘ir‘n’;t;:I gt /

= Device off and Device on

Source Drain hard-switching

Insulator & (& . . .
Barrier (AlGaN) - vds | Charges build-up in Poor device: dRon is high

while charges de-trap

Channel (2DEG) '.dlelecmcs’ .
® O\ 6 6 6 interfaces and in the
Buffer (GaN/AlGaN) buffer Good device: low trap
Fewer channel \ d .
electrons remaining \ ensity
Y
Substrate (silicon) ;

LT

time
« Charge trapping causes higher dynamic Rds-on, which results in more self-
heating and lower efficiency

« Device aging can increase trap density and result in higher dynamic Rds-on
* Need to validate that new traps are not being generated with aging

18
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Validating dynamic Rds-on reliability

Stress circuit per

JEP 182 L
dRon measured . D1 >|_
per JEP 173 Voo
C
i DC GaNFET |f. | =
Turn on to measure //' £5°
dRon within 1-usec I
FET card

DUT :

and _

heater I

‘ Inductors
Shutoff circuit to
save device for FA

Hard-switching test system, for dynamic Rds-
on (and hot-carrier wearout) reliability

Motherboard 19
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Dynamic Rds-on does not increase with aging

Low duty-cycle stress provides high
trap filling and higher sensitivity to
charge trapping &

It provides an early detection method
for aging by making dRon sensitive
to early-stage traps (less electrically
active).

Stable dRon at low duty cycle

demonstrates lack of new trap
creation and excellent material
guality with aging

(1) J. Bocker et. al, “Ron Increase in GaN HEMTs — Temperature or
Trapping Effects”, IEEE Energy Conversion Congress and Exposition
(ECCE), p. 1975, 2017.

dynamic Rpgon) (Normalized)
at low duty cycle (~0.5%)

1.6

30 mQ: 1,=18.4 A hard turn-on
Vds=480 V, Tcase=125° C

1.4

1.2

" . ! 4 - - a g e s
e
- -

o0 mQ: ;= 13.4 A hard turn-on
Vds=480V, Tcase=125° C

70 mQ: I,= 8 A hard turn-on
Vds=480V, Tcase=125° C

0 200 400 600 800 1000

Stress time (h)

Stable dynamic Rds-on with aging at high-voltage,
high-current, high-temperature, hard-switching

20
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Hot carrier wearout: switching lifetime model

« Hard switching generates hot

_ _ Stress using a test-
carriers, which can cause hard-

Evaluate switching lifetime

_ vehicle circuit suitable for for broad application use
failure from wearout. accelerated stress
« Tl tests for hot carrier wearout it d
] eliable diode
by using accelerated hard- —W—" B
SWitChing : C_D @t GaN FET ——
25
Current accelerated
20 - \
%15 Voltage Construct switching stress model
Q Voltage acceleration
'g accelerate « Exponential model (TDDB): TTF « e Pv(Vps) £,=0.109
10
'g Current acceleration
o . l  Exponential model: TTF o e Bcllck) £.=0.283
Solid: reliability cell —> + Power-law model: TTF o« (Icp)™ n=3.1
o . Dashed: boost convert&r* (electromigration, hot-carrier)

0 200 400 600 Temperature acceleration

Ea 1l 1

Drain Voltage (V) » Arrhenius model: TTF « ek 1 7o E,=0.7 eV
21

“A Generalized Approach to Determine the Switching Lifetime of a GaN FET”, IEEE IRPS 2020, available at www.ti.com/lit/ml/slyy196/slyy196.pdf
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http://www.ti.com/lit/ml/slyy196/slyy196.pdf

Hot-carrier wearout: hard-switching lifetime

Drain Voltage (V)

~ T
o 1E+09 —_a_ Boost:convert [simulated
Y n O e L waveforms
N > 0N 1| |ON
Switching stress: = = 1E+07 s = nicl q
Integrate Vds and Id £ L] LEsos LY z g Test-yehicle measure
while applying 5 X ' =2 < . l\\vvave orms
acceleration factors = S T
= © 1.E+03 = ——
b0 o=z Lifetime DC
700 C - 0 8 N C
600 ﬂﬂstre‘ss units | 4, e "E 1.E+01 T IO it (te‘“t"\/ehi(ﬂ )
500 s = Y ow =
N\ < o <
400 A 20 % E E 1.E-01 S
300 Lo 5 f >
200 i\ 10 8 TI LMG3410R070 e
wo S\ S 1.£-03 \
0 =T . 1500 1.E-16 1.E-13 1.E-10 1.E-07 1.E-04 1.E-01
e ne > Switching-stress rate (per hr at 1khz)

Over 1 billion years switching lifetime for 400 V, 8 A hard-switching at 100 kHz
Hot carrier wearout is not an issue!

22
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Hard-switching reliability for datacenter/telecom

Calculation using Tl Hot-carrier wearout model

Datacenter and server

Load level Tj (°C)

10% 10% 72
20% 20% 73
50% 50% 79
100% 20% 97
Telecom

80% 90% 88
100% 10% 97

MTTF (Mean Time to Failure) calculation for
operation at 150 kHz

8 x 108 yrs for V_bus=450 V

4.4 x 10° yrs for V_bus=430 V

Tl GaN parts will not fail in datacenter/telecom applications due to hot-carrier wearout

23

wi» TEXAS INSTRUMENTS



Validating power supply usage reliability: JEP180

Key aspects Approach
Wieriiie Gt > Classify switching-stress type with switching locus Switching
[
broad coverage Harsher stress condition covers milder use-case locus
- Chose a test-vehicle circuit appropriate for accelerating
Component How to Vlfl'date > the desired switching-stress type Charge trapping,
switching l -
level lifetime Run Accelerated Lifetime Testing for the technology Hot-carrier wearout
platform to generate a model and calculate lifetime
S _|; '''''''''''''''''''''''''''''''''' K
How to validate l
Power : polication-use ::> Run Dynamic HTOL testing for application operating POWGI’-SUpp|y I
supply level 1 pF:*eIiabiIity modes by using a product-vehicle circuit level failure modes :
I
I

Source: Fig. 1, JEDEC JEP180 24
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Literature summary on DHTOL 500V — 650V Gan FETs

".‘ TELEDYNE LECROY
Everywhereyoulook

D. Gandhi (Navitas), “Systematic Approach to GaN Power IC
Reliability”, APEC PSMA Industry session IS11, 2019

2.0
- 5 N=5
- £
o At
— (8]
ok i ¥ VDD é ——————————————————————————————
i3 77us T o[ a— i
i .
| H 1 L] g
! 0 °£ os|
1 0 143us 286us I
\ Time o Jd
RS RSSR ey S I DD 1 1 1
) 10 100 1000

Dynamic Operation Time (h)

A. Ikoshi et al. (Panasonic), “DHTOL Life Tests for GaN Hybrid-
Drain GITs”, APEC Industry Session IS16-02, 2018

External Application board GaN test board

IL
|
Temperature (C)

| >
Power —— GuJ;rdiI Tr:rmL:{n;| %] - ss .
ooy (D) | T | switen| & [ Contre —?—‘EN . 500V DC link, 100kHz

Host l:l Ethernel = 0 500 1000 1500 2000 2500 3000
pC Duration (hour)

T. McDonald, “Reliability and qualification of CoolGaN”, Infineon whitepaper

devices J_ J_ ! « s
Active H i --0UT 2
Load —I;j L Blocking E\N oz .
Diodes i ORARE cha i Sy 37
. 85 L ' oy ”VJWMJ““"M%Q“ p-

—=DUT 1

& Reference Device
i
ouT S 85
" GaN HEMTs

ouTs

U
OUT 10
ouT 11

——loss] ——loss2 Loss3
—lossd —LossS Lossé
“  Boost converter e
6
o 200 400 600 800 1000 1200 1400 1600 1800 2000 2400 2600 2800 3000
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K. Smith, et al., (Transphorm) “Lifetime tests of 600-V GaN-on-Si power

TI DHTOL summary: following slides

switches and HEMTS”, Microelectronics Reliability, p.197, 2016

25
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Power-supply level stresses

o s turn-on
T, Sal
W@ ot L o 1 aa s
LS 5 (3Q Load LS 15 3Q |Load
S ! L ]
Third quadrant Hard-commutation (reverse recovery)
Simplified Block Diagram
MCM package
o tu rn - O n Direct—E;rive IEG
el SPL AT Jlsan
Wl 1 L e dGa
LS : LDO, ||OCP, OTP, | Current -~
il I Load Lo «#T
L M N —
- N
Miller turn-on shoot-through GaN device interaction with driver

(and other system components)

26

wi» TEXAS INSTRUMENTS



Reliable power-supply operation: DHTOL testing

Loss current
sensing

H-bridge circuit

Recycle power

Both hard and soft-switching
stress at high power

Power supply stress modes

Application half-bridge
boards under stress

Stress rack

27
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Validating in-system reliability (DHTOL, JEP180)

LMG34xx Tl GaN half-bridges run at 480V/125C, 150 kHz, 100 V/ns slew rate
and maximum-power hard-switching stress conditions for 1000h.

13 30 mohm - 1
_z.:l s———— - | 70T - D (1—1JEI ?‘-ﬂg
-D.-Iill 30 mohm - 3
_3'13 30 mohm - 4 T Cin
e N e Sl el et e e | | 1\ by Q
03 0 mohm - 1 ~ Q_4|E
B i e o e e e e FIUERETIE
® -0.1
@ -D? MW?O mohm - 3
5 n.? A gt St PPN T (4
g 3$ Pt R PP et | () mohm - 5 * Rds-on Power no. of half- no. of
Q‘:E _3_? A et T P gt PP dratnral ot rids GG @G | | mohm - (mohm) (kW) bridges parts
_3.? GRS AR s A NP B Sl ot INP I OP P PO G P Sl goPuy | 5 mohm - 1 30 3.8 8 16
Y I O o a  SEGENReS
o SRR 50 1.9 12 24
I P P I P S R S Rt PP POPIaagha® | 5) michm
03 ez 150 1.4 12 24
_3? A el A R S e sttty | 50 mohm - 4
R gttt Pt P g ettt ampsmpeet: | 50 mohm - 5 .
o1 o 64 parts ran from multiple lots of
i S & s S e S s mh e o . . e ———— S s LEAL L
7

'
=

0 200 400 600 800 1000
Runtime

the LMG34xx product family

Reliable in-system operation for both hard and soft switching: stable running with efficiency within 0.1% 28
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Reliable operation under all conditions

During operation, abnormal or extreme conditions can occur

A line surge can occur from an event like a lightning strike
— The power FET needs to be surge robust

» The load can short circuit
— Overcurrent protection would turn the FET off in a latched or cycle-by-cycle manner

* The supply voltage may dip

— If the supply voltages go below a threshold, UVLO protection would pause power FET
switching until the voltage recovers.

« The die temperature may get too high, such as if there is a cooling issue

— If the die temperature exceeds the threshold, overtemperature protection turns the
power FET off and notifies the system.

29
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Surge robustness: No avalanche? No problem!

« Power line disturbances can occur due to lightning strikes,
malfunction, load and capacitor bank switching, etc.

 Silicon devices use their avalanche rating property to survive
these events.

« The use of avalanche is historical. It arises because silicon FETs
do not have much voltage headroom above their maximum
voltage rating. When a surge strikes, they break down (by
Impact-ionization).

« GaN has good transient overvoltage capability. This allows GaN
FETSs to switch through surge without avalanche breakdown and
disruption. It also improves system reliability, since MOV
degradation can cause failure of Si FETs by subjecting them to
higher levels of avalanche.

“No avalanche? No problem! GaN FETs are surge robust”, available at

https://e2e.ti.com/blogs /b/powerhouse/posts/no-avalanche-no-problem-gan-fets-are-surge-robust % TEXAS INSTRUMENTS



https://e2e.ti.com/blogs_/b/powerhouse/posts/no-avalanche-no-problem-gan-fets-are-surge-robust

Tl GaN: Robust to surge

« The IEC 61000-4-5 standard specifies the surge waveform

 The VDE 0884-11 standard specifies the application of 50 strikes
« We applied additional 50 strikes to assure margin
« Parts had very stable efficiency and there was no hard failure

Zoom Factor: 40 X Zoom Position: 39.7us

%urge peak =720V |,

. Switching
- through surge

{400V
w® + surge

kW LMGS410RO7O

(@ 100V 2 @ 00v @ 5.00A J[zm'.ous ][

Vin=100 V/div, Vsw=100 V/div, Vout=100 V/div, IL=5 A/div

5.00(]8/5

20M points

Aux J' SSQmV

0.10 + !
= ~Vsurge=720V, Vin=400V, :
S ~100kHz, 1kW, Tcase=105C \
o 0.05 : !
%0 - surge test | margin test i
S 0,00 fi= ¥ ;
a - + I L:A:
S i l :
;.E 0.05 - VDE requirement | beyond |
w - | requirement i

_0- 10 B L

0 25 50 75 100

Number of strikes

“A New Approach to Validate GaN FET Reliability to Power-line Surges Under Use-
conditions”,IEEE IRPS 2019, available at www.ti.com/lit/ml/slyy162/slyy162.pdf
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Short circuit detection and protection
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Integration of GaN power FET in a low-inductance
package with a Si driver and protection allows fast

detection and turn-off (1).

Built-in protection eliminates delay needed for external

components (2).
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(1) “Overcurrent Protection in High-Density GaN Power Designs”, Tl Application Report, www.ti.com/lit/an/snoaal5/snoaal5.pdf

(2) External gate drivers are also much faster now, e.g. TI UCC21750 can respond within 0.5 us
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Reliability outcome for Tl GaN parts

Component
level

Power-supply
level

Passed Si qualification testing
(JESD47, AEC-Q100)

Time Dependent Breakdown (JEP122)
<< 1 FIT (Fail in 10° hrs)

Dynamic Rpgony - Stable with aging
(JEP173, JEP180)

Reliable for GaN
__ Failure
mechanisms

Hot carrier wearout (JEP180)
~ 10° yrs hard switching

Reliable in power

Passed dynamic HTOL (JEP180)

— supply

Robust to surge
(IEC61000-4-5, VDE0884-11)

Reliable for
extreme conditions

Robust to short-circuit
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Conclusion

« GaN power FETs are now reliable and the customer conversation is moving
from “Is GaN reliable?” to “What are the steps to validate GaN reliability?”

« GaN reliability is validated by GaN specific guidelines developed by the JEDEC
JC70 committee.

 The JEDEC JEP 180 guideline assures that GaN power FETs will operate
reliably in the intended application. It addresses the gap in the Si methodology
itself which does not consider the switching stresses of power supply usage.

« Tl GaN FETs are demonstrated reliable for a wide range of power supply
applications both for normal and extreme operating conditions

« Calculations are presented for mission profiles of datacenter, server and
telecommunication power supply applications, showing excellent reliabllity.
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