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Why it is important to talk about GaN Quality and Reliability?

GaN

D
Silicon Mosfet GaN HEMT

* GaN HEMT structure is different in many aspects from Silicon MOSFET
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Product qualification standard Stress Tests,
based on JEDEC JESD47

JEDEC applies ~9 different procedures based on
Stress type, Conditions, Duration and Sample size

2019-03-13

Stress Conditions Duration Sample Size

Iégg;;a:\lﬁicycnng Vglstrlgs:ﬂso °c 1000x 3lots x 77 pcs
Eanze Ao 1901800 v 1000 3x77
?é%thgr;?f(;gture Storage Live \l/\g(t)hozc*' oo e
?é);iéi;/;:_ilgggTem perature Gate Stress ‘{‘Qgh‘gso - oo o
\I;IEeggté\éeAI:ili%g Temperature Gate Stress \l/\éiéholz’:cl*ilo v 1000 h 3x77

?ég;ShDI;g r2|;jé)ti/ High Temperature Reverse Bias \é\éit?CP/C&;,\5 v ih /100y 1000 h 3% 77

MILSTD 750Meth 087 Ar e 100K 15,000« 3x77
JESS_%EEBM Without PC 1 lot x 3 pcs per voltage level
\IJESS.%E)(;DM Without PC 1 lot x 3 pcs per voltage level

*: Preconditioning acc. JEDEC-MSL3

Though many or most of these also apply to GaN devices, this cannot be considered as a

sufficient list for consideration to qualify GaN devices!
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Qualification method must address the device/structure

specific failure modes of GaN
Si MOSFET GaN HEMT
Existing qual plan addresses New Structure: what tests will stress
mature Si technology/structure them? Standards yet to be defined

S

p-n body diode and termination stressed during ‘ Lateral device

HTRB _ _ _ _
_ _ _ . Field terminates in active area
. Gate Oxide Dielectric stressed by HTGB test
‘ Non-insulated gate structure

Passivation and m(_)u_ld compqund stressed by Channel conducts through two dimensional
Temperature, Humidity and Bias (THB) and autoclave

electron gas (2DEG)
(AC) tests

No p-n drain to source junction
Top Aluminum Metal and wire bonds stressed during _ _ S _

Higher risk of humidity-induced corrosion

temperature cycling (TC)
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How did Infineon determine a new qualification plan for 600 V CoolGaN™?
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1

2.
Quality Requirement Profile (QRP)

3.
Rel. investigation during development

Quiality targets (Consumer, Industrial,
Automotive..), targeted FIT rate, humidity
spec

Discover GaN specific failure modes and their
mechanism, intrinsic vs extrinsic failures, path
to reduce extrinsics

1.
Application Profile

4.
Degradation models

List of bias, time
temperatures for both
normal and abnormal
operations

Failure Lifetime models
for each degradation
mechanism

Qualification plan

%
L Released Product
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1. Application Profile

Application profile: typ use conditions in target applications

» Application lifetime
» Operating hours by mode

» Currents, voltages and temperatures at different load conditions
» Time of abnormal use conditions within lifetime

» Currents/voltages at peak and spikes during switching

1.
Application Profile

> Days 5.48E+03
Liet af Hiee, e T,, average 7.69E-06 sec | | » Hours 1.316405 7 Staitupsicay 1.00E:01
’ [5 Minutes 7.88E+06 > Total startup cycles 5.48E+02
temperatu res for both > T,, current spike 1.00E-08 sec i ¥ Seconds 4.73E+08ﬁ T
normal and abnormal > Ty average 7.69E-06 sec | | > PWM cycles 3.07E+13 | cycle '
1 Sec total lifetime i 3.83E+02
operations  Tavoltage spke  100E-08 sec | RSl Maine o

N Telecom rectifier application profile :;

_ > For hard switching sections,

> Lifetime at T,mpient-min 15% switch node capacitance does not
exceed 230 pF (3 kW reference

> Lifetime at T, pient-nominal 60% case)

> Lifetime at standby
> Lifetime at Tombient-max 25% > Lifetime at 10-30% load
- i . > Lifetime at 30-80% load  50%
> Lifetime at 80-100% load 5%
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2. Quality Requirement Profile

2.
Quality Requirement Profile (QRP)

Displays the development targets (Consumer/Industrial, FIT rates,
Humidity specs,...) of a new technology or product in what concerns
its reliability, performance and target applications

General definition of the target
application

Definition of the product
components

Maximum operation voltages
and currents

Moisture Sensitivity Level class
definition

Lifetime targets and failure
rates for device, dielectrics and
metallization

»  Drift limits parameter

G ol pe e poeod G e e e e e e el G R e G R e

) definition:
Operation temperature range
- Vth
B Electro Static Discharge - Drain leakage
classification - Ron
v

- Time to failure -

OO OOOONNNNNNNONNNN
GUVPPLWUVWIOUWOLWRYOULE
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3. Reliability investigations during development

3.
Rel. investigation during development

¢

Reliability investigations during development aims to discover
intrinsic and extrinsic failure mechanisms

Purpose: find path of process, design or test changes to minimize
occurence of extrinsic failures

Probability - Weibull g . .
9 oty Early failures referred as extrinsic
| B o since their source is external to the
Extrinsic I 5 T real capabilities of the design and
il i -
2 5 failure e materials.
£ | mechanism s
g 0 I Ll Intrinsic L_ater fallures_ r_eferred as intrinsic
E S failure since they fail in a predictable manner
1 mechanism . | at the physical limits of the intended
g device design and materials
1&-02 1E-01 1 10 100 1000 10000

Time (t) (H)

Beta=0.340320, Eta=537.881060
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4. Degradation models for predicting reliability/lifetime

4,
Degradation Models

Degradation (failure models) allow use of short duration testing at
accelerated conditions to predict lifetime at lower stress and longer
time

pobshar Early failures referred as extrinsic
:;L;,@:mm since their source is external to the

" Premaniey L real capabilities of the design and
materials.

"
&

Later failures referred as intrinsic
since they fail in a predictable manner
at the physical limits of the intended

. device design and materials

Jewaiadliy, F{E]=L00-A
-
=
L]

w

a0

1000 L0000
Tuerst (£} [He)

Betas 7513082, Etaw 1044.5059757
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DC Bias Failure: TDDB

. . . Ground [G] Voltage
Time Dependent Dielectric Breakdown =a
Polar molecules lead to asymmetrical lattice distortion when subject to electric fields
Chemical bonds strain will break over time generating failure
SUB Ground
Silicon-Silicon structure are not > GaN is highly polar in nature, then
subject to TDDB subject to TDDB

> Silicon-SiO2 and Si-other polar
materials are subject to TDDB

GaN devices respond strongly and
primarily to temperature and
applied bias
(accelerated voltage stress
testing required)
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Weibul
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plots for Voltage/Temperature

1E-1

Copyright © Infineon Technologies AG 2019. All rights reserved.

1E+0

Time to failure [h]
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Weibull plots for Voltage/Temperature
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0 - = —rs — S
5= ] 800V, 150 °C I
800 V, 125 °C | O,
=, T 750V, 150°C|[ w»
© i . |
< 10% T &L TT 700 V, 150 °CTTT="r 1T
= ' o
9_) 20/_0 IR 7 IRR | SRR A +—
= / . |
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S Sl
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Weibull plots for Voltage/Temperature

0 -
2 800 V, 150 °C )
. 800 V, 125 °C Oy
g  63% ¥ 750V, 150 °C ]
3 800 V, 100 °C i
P 0
= 10% 700V, 150 °C >
pusl o
Q - (o%) J
o 2% <
I
© ||/ =
“q') 0.2% .g,
2 g,
o 0.03% sl } AEET T Sl o B mEnii
: -
O 0.005% - , I L
1 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7
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Weibull plots for Voltage/Temperature
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0, -
2 800 V, 150 °C >
" 800 V, 125 °C ©
g 63% 750 V. 150 °C [ 110 g
| 800 V, 100 °C oL
= 10% 700V, 150 °C N
pusl o
a - [e9)
o 2% ‘r-}———————
3 / ~ !
® oS ol
:; 0.2% / {g‘
= =
1Y
E | I
b
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GaN Device breakdown at higher voltage
than Si MOSFET but mechanism is different

. IDSS Characteristic
0.9 - 25°C, #p
0.8 -

GaN device
0.7 1 incurs
0.6 | dielectric
< Silicon device goes into breakdown
E 0.5 - avalanche breakdown
T 04 -

0.3 TvBDSSCriterion = 250pA

0.2
0.1
O i i i i i i i i i
0 100 200 300 400 500 600 700 800 900 1000
Vds in V lp = 250pA
Vps = 910V

GaN can withstand much higher voltage stress than silicon

...but lifetime at such high voltage is limited



Dynamic Rdson

)
)
)

Post application of DC bias Stress, RDS(ON) shifts (increases) and peak output current reduces.

This phenomenon is attributed to surface states and trapping in the device

The result is an unstable increase in conduction losses than can change in time (device could

fail).
Output
100 ‘
’
25 °C C /
80 / 74 A
/ | __Pre
60 / ~ Current i Stress
< / reduces
—40 /i (“collapses”) |
I ___Post
Slope shifts Stress
20 ~ (Rps(on)
in‘creasef,)
0 ‘ ‘
0 2 4 6 8 10
VDS (V)

Source metal

> High voltage

Positive traps for 2DEG layer
electrons

Generation of a temporary (dynamic) increase
in conductivity

Gate metal
P-GaN P-GaN

AlGaN ' Drain metal

GaN

Transition layers

Silicon substrate

\/\



Dynamic R,.ON shift increases with degree of
hard switching : focus on the |V locus

Soft Switching

Resistive Switching

On On
o
Off Vps Off Vps
oo i Hard Switching
Hard Switching with I/V Overshoot
A
Ips ‘ Ips
On On

2019-03-13

EL count (a.u.)

1.3M

1.2M

1.1M

1.0M

900.0k

800.0k
700.0k

600.0k

T T T !
(VgsarVosg) = (-20V, B0OV)
Acquisition time = 60s

Iflynarﬁic Oﬁ resiétanné (nhrﬁ*mm}

-1.0

09 08
DGD (us)

0.7

1 ? T T T T T T
CCD camera 0
. noise level 0
6L | -
E AP
0 o
| )
15 - H gb' n
@
Ml 1
o (Vesa Vosa) = ]
{b) (-20V, 60OV)
3 1y ! | ! | ! |
600.0k 800.0k 1.0 1.2M

EL signal (a.u.)

From: |. Rossetto et al, “Evidence of Hot Electron Effects During
Hard Switching of AlGaN/GaN HEMTs”, IEEE Transactions on
Electron Devices, Vol. 64, No, 9, September 2017
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Dynamic RDS(ON)
increases with
Electro-
luminescence (EL)
count —(proxy for hot
electrons)

Electro-luminescence
increases with
degree of hard
switching (Higher
peak I,V point)

Worst case Dynamic
RDS(ON) occurs in
hard switching
(inductive load)
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600V CoolGaN™ technology reliability dynamic RycON
over time — Very low in resistive load condition

Tested over voltage (from 100 to 480V) and temperature (from 25C to 150C)
RDS(ON) measured 1 and 5 microseconds after voltage stress ends

Stress held at 5 minutesTotal test duration = 1 hour and 40 minutes, little to no increase: resistive switching is not
highest stress condition

Dynamic RDS(ON) resistive load
test circuit from JEDEC JEP173:

Al Inductive and resistive switching methods (cont™d)

Dynamic RDS(ON) vs voltage,
temperature and time (resistive)

.. | RDS(ON) increase is due to
change of temperature

For Resistive
Switching, L=0

PRRRR | Sius +Bus

]

d-Rdson (Chim)

[y I I T R e TS

T T

......

uuuuuuuuuuu

Vd bias voltage, temperature, and ime
D at 0, 100 Hz pulsea, duty cyale 1:1000 at all other ponts.

Fignme 1 — Indopetive-Resistive load “dooble-pulse™ test circmt for hard-switc hing evaloation
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600V CoolGaN™ dynamic Ry(ON) —also very low in (worst

case) inductive hard switching out to 600V
* Testing ramped voltage (from 100 to 600V)

* More hot electrons produced during hard switching at high simultaneous 1,V (eg: inductive load)

* Most stressful test condition for dynamic R,(ON).

Percent Ry(ON) shift vs applied _ _ ,
Dynamic Ry(ON) inductive load boost test

oD

20%
rated voltage
10% |

o% c ® ® o oC
100 200 300 400 500 sgo -
-10% applied voltage (Volts)
«@=Competitor X =@m|nfineon

¢ Measured after jUSt several pUIses. Figure 2 — Depiction of the hard-switching “don ble-polse™ test circoit (showing its similarity toa
Hard switching (inductive) is strongest stress beask conmorter)
Infineon: 100% tested at 700V, 700 nsec delay

| L2

GaN FET

VO Ita ge Data taken at 25C,
with 700 ns delay 1 1 .

" Infineon assessment: at higher with 700 s delay circuit from JEDEC JEP173:
g 60% voltages Competitor X parts shift —~ on
,2 50% more than 500/0
% 40% |_
T Published data for Competitor listed as 0% up L Y Y Y : D1
S ) to 400V (no data > 400V) - .
g negligible shiftat full vV
2
g
8
5]
o

Clarmipad W,
= sampling
rout
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What about reliability of hard switching over time?

Temperature (C)

~-=DUT 1
&-DUT 2
«DUT 3

DUT 4

S L PPN N Ly o

our 7
DuTs
ouTe

500V DC link, 100kHz v

0 500 1000 1500 2000 2500 3000
Duration (hour)

» 11 devices tested under boost (inductive
load) hard switching topology

« 3,000 Hrs operation without evidence of
increased power dissipation

» No evidence of shifting RDS(ON)
* Is this test sufficient?

v

Infineon created an accelerated test vehicle
Switching up to 700V (vs use at ~410V)
High current and elevated temperature

Switching related failures do occur at
accelerated conditions: need for a model to
predict useful life

xterna pplication boarc alN test boarc

devices |‘ <
Active I H
oz @ TT 4 Geder ﬁ
Diodes |
LT T r
Power () 1 | Guard A T vy
= = ontrol W
.. i GaN
Supply Switch module H |E

Host |:| Ethernet

PC
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On@

Results of repetitive switching-SOA (D-HTOL) degradation model

Soft Switching

‘ Ips

On Qg

Hard Switching

‘ Ips

On "

Hard Switching
with I/V Overshoot

>N

@ > e >
Off Vps Off Vps

IGT60ROTOD1
600V CoolGaN™ enhancement-mode Power Transistor

OFf Vipe

-~

Infineon

Figure 21 Repetitive safe operating area®

Figure 22 Repetitive safe operating area’

o [A]
3 8 8 & 8 8 3

I [A]
3 8 8 & 8 83 &

0 100 200 300 400 500 600
Vos [V]

o 100 200 300 400 500 600

Vbs [V]

[Tc=25°C; T, =150°C

Tc=125°C;T,=150°C

Focus on the locus:

No evidence seen that soft switching
results in destructive failure in an
usable timeframe (caution: ZVS
systems do operate some time in
hard switching!)

Depending on 1,V path, hard switching
can result'in ocurrence of the _
destructive repetitive switching failure
over time

This failure mode is different from
dynamic Ryg(ON).

CoolGaN™ datasheets include
repetitive switching SOA curves

These curves detail hard switching
operation limits to avoid premature
destructive failure

See details at www.infineon.com/gaN
(go to «documents», «White paper»



http://www.infineon.com/gaN
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summary

* GaN Devices have different material and device structure compared to
silicon superjunction transistors; there is a need for a different qualification
and reliability evaluation criteria

* Infineon has completed an application specific qualification with 4 elements
which uses Telecom rectifier base station as the initial application (can be
used to cover a wide variety of applications)

* There are failure modes which occur in GaN but not in silicon. Important
among these is DC Bias and repetitive switching SOA. Infineon has developed
models which ensure robust operation in targeted applications

* Full info available at : www.Infineon.com/gan

2 Gallium nitride - Reliability and qualification of CoolGaN™ »>EN >CN
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