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GaN Device Implementations

Fundamental GaN Material Properties
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Gate Protection is Paramount in GaN
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dMode (Dielectric Based Gate)

Max Vs similar to Si devices
* Need to manage max negative gate bias
on GaN for reliability
Slew rate control important with multiple
chips in a package

eMode (pGaN Based Gate)

Vs needs to be managed

 Clamp diodes & current based-drive

* Layout optimization

e GaN Power IC (integrated regulator + driver)
C dv/dt Induced Turn-on concern

* Negative gate drive

* Minimize parasitics

e GaN Power IC (integrated driver)




Clean, Controlled FET Gate

e Discrete driver

e Gate loop inductance
creates overshoot
(even with good layout)

* GaNFast™ Power IC | [T G

* No gate loop parasitic
e Clean and fast gate signal

B 2.0v
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Integrated Drive—> Simple & Robust

Wide Range V
8€ Vec Total layout flexibility

10-30V
( ) / & simplicity

Under voltage lockout protects the
driver & FET when full power supply
is not available

Regulator ensures
Vs Within SOA

Gate protected from external noise
PWM Hysteresis for (Not pinned out of package)

noise immunity

No inductance or
ringing in gate loop

Dr. Nick Fichtenbaum, APEC 2018



® Navi
Shoot-Through Protection in Half-Bridge e

Non-Overlapping Logic Input Overlapping Logic Input

Half-Bridge GaNFast Power IC (Typical Operation) (Power IC Protection Mode)
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High-side and Low-side gates never overlap due to shoot-through protection in power IC
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Is Typical Si JEDEC Qual Sufficient?

GaNSPEC DWG )
GaN Standards for Power Electronic Conversion
Devices Working Group
Typical Si-Based Qual Plan Wi (Wb, b
" GaN @ Navitas IEPEE»
8 _|__Reference Tes('; Conditi(ons ; Duration|Lots | S.S. N Panasonic IS71
— Preconditioning (MSL1): O —
=+ = i JUoRA
) JI‘E]SSD.I_ZDZQZ"LOl 8 Moisture Preconditioning + 3x reflow: N/A 3 308 u.“':;;i:?:,g w (O AN :-n fosd
g.JO HAST, UHAST, TC & PC and growing.... '
Temperature Cycle: o G
(¢0] _ J DEC., JC13.1
% 4 | JESP22AL04 -55°C / 150°C 1,000cy | 3 v g e ./f %’1’--’%’%&1:{‘"1'
() Power CyCIe: A Pows Assmica :E § ire———
o JESD22-A122 Delta Tj = 100°C 10,000cy| 3 77
B Highly Accelerated Stress Test: ]
. JESD22-A110 130°C / 8506RH / 100V Ve 9hrs | 3 7 JEDEC Committee JC-70.1 structure
8 JESD22-A108 High Temp?rature Reverse Bias: 1.000hrs | 3 77
hat 150°C / 520V Ve New GaN
= High Temperature Gate Bias: JC-7041 Subcommitise
wn - s 2
o JESD22-A108 150°C / 6V Ve 1,000hrs | 3 77 Standards Koo
()] JS-001-2014 Human Body Model ESD N/A 1 3 Needed :
GaN Power Electronic GaN Power Electioric
- JS-002-2014 Charged Device Model ESD N/A 1 3 533:&1?'3‘32}:%???!:%‘35 TasK Group TGT01.2 C%Z{:?LE“E‘%%‘W
CO{ll;:t:‘r;t;nmsreﬁ:l?:nfl‘:gta

Courtesy: Stephanie Watts Butler (Texas Instruments) and Tim McDonald (Infineon) “From GaNSPEC DWG to
JEDECJC-70.1: An update on industry qualification standards for Gallium Nitride power conversion devices”
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‘Beyond JEDEC’ -- Lifetime based on HTRB? NI

Lifetime testing - CoolGaN™ 70 mQ-TOLL C.,,ﬁne.,n_
Lifetime projection at 480 V & 125 °C A
2 . 3
| 800V, 150 °C p: Life Time Model: N
0 800V, 125°C © _ E,
- 750V, 150 °C &“r/ L) = Ase TV « okF 1
=, o~ |
% 700V, 150°C | 8 JEDEC testing 3 x 77 0
T 4 | __Si1— |parts, 480 V, 1000 h
o - ! -1
T & o . ) =
- p=8.25 ol Lifetime requirement: E -2
8 §O,' < 1 FIT for 15 years - 3
el at 480V, 125°C = ;
.- il S,
1E-1 1E+3 1E+5 1E+7 = 5 R
Time to failure (hrs) £ - El
N
Bodos Power EIectronics Conference 2017, Munich Airport Hilton, December 05, 2017 6 &
7 &
8 g
. . &
* GaN Buffer behaves as a leaky dielectric 1 0 . 1 A g 11 g
— One V- : one dominant trap amper, Physrevioss). In our case Cy -10

— Above V; . : steep voltage acceleration (V") due to Poole Frenkel -11
1E+00  1E+01  1E+02  1E+03 1E+04  1E+05 1E+06  1E+07  1E+08  1E+09

Ohmic - [ 3
Ve =0.FgaN{(2.2) - g ,' 75 / /7 TTF in hours

E, > 1.5ey’7

Eg
Lifetime = A X (V™) X (ekT)

./ 1005 /// HTRB Lifetime @ 100 ppm is > 20 yrs at application condition

0000001 000DI 001 01 1 10 1001000  10DKOD 10000000
;

» Stressed at T=200°C
» Acceleration Model built & verified

] 12/6/201T ul ation ON Semiconductor ﬂN
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‘Beyond’ JEDEC — Implications for GaN Power ICs?

Switching SOA test-vehicle 1

I ’{EXAS
Boost converter with output tied to input HSTRUMENLS .
(familiar double-pulse tester) - 85
Increase current ol Refererce davice (Si) |
20 w— PSS W
Y |>| 4
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w
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voltage transph-‘! rm % 8! GaN FETs

Drain Current (A)
5

@) I: GaNFET o=

5 ¥ SoATSET
Dashed: boost converter®

6.5 | Operating conditions:

200V 400V converter operation
@ 175°C / 300kHz [ 410W Tested in hard-switched boost converter
0 200 400 600 6 !
. 0 750 1500 2250 3000
Drain Voltage (V) Time (hrs)
http://www.ti.com/lit/wp/slyy070/slyy070.pdf

Figure 3. Loss plot for HTOL of seven 600-V-rated GaN-on-5i FETs and a reference device to 3000 hours at T}=175°C; each
device ted in a boost rter at 300kHz with a boost ratio 200V:400V, 410W output power

http://www.transphormusa.com/document/white-paper-reliability-lifecycle-gan-power-devices/

External Application board GaM test board
- » devices ' : ' = 1
Panasonic 4mH pame | L | i Lig] = E
. . Load Blocking ’_l E Gah
‘ .,’f—.— —LI Diodes |
(II‘I Ineon N 2 -
1 nry I Power Giil T--- '-l %
DT Z vac S | T |l [ P>
(DUT) ¢
Drivar vds | HFnl:ré_t E Ethernet

How2PowerToday: September 2015 issue

Bodos Power Electronics Conference 2017, Munich Airport Hilton, December 05, 2017
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Mission Profile Defines GaNFast Power IC Qualification

Dr. Nick Fichtenbaum, APEC 2018

P

AV

Quality Objectives

(Typical app. lifetime, FIT rates)

N

/

P

Failure Modes

(Device Structure, Process)

N

£ B

Application Profile

(Voltage, Cumrent, Frequency)

< /

[ Production Release ]

a

.

Test Methodologies

(Removal of defects)

N

4

a

Lifetime Models

(HTOL, HTRB, GaN IC)

N




Navi
Typical Application (Consumer Chargers) © Navitas

Navitas ~300 kHz
24 W/in3, 94%
= 45 cc cased

[
38 mm

J  ACF (ZVS) Topology
e 300 kHz -1 MHz
e 120V -240V,

Dr. Nick Fichtenbaum, APEC 2018
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Application Profile for ACF Charger

Navitas ~300 kHz Full Power Mode g sz
24 W/in3, 94% S —Thrent
= 45 cc cased S T i e o S —
Voltage
0% __ T | \ Frequency, Duty Cycle
) o © Turn-ON ~ ©  Turn-OFF - ——
Application Factors
e Voltage (300 — 480 V)
e Current (1-3 A)
* Frequency (100-1,000 kHz)
15.5mm

e Temperature (25— 100 C)
e Duty Cycle

e Turn-on / Turn-off Profile
e ZVS vs. Hard-Switching

Dr. Nick Fichtenbaum, APEC 2018
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ZV/S Application Profile (FET)

lps VS. Vs (Load Line)

o
400
o 10

350 1.75 .
Vbs S, High-Side
300 15 08 fC/; .
6% ” Diode
250 L5 Conduction
v ©
fm’: 200 1 E
E 2
150 0.75 4 04
" = ON-State °
lps '
50 e 0.25
0

-\Voltage Turn-ON

ero

T i °

-200n -100n 00 50n100n 200n 300n 400n 500n 600n 700n 800n 900n 1.0p -0.2 P
Time (Seconds) 0 50 100 150 200 250 200 350 400
Voltage (V) Blocking
Mode

‘Soft-Switching’ or ZVS (Zero-Voltage Switching) represents an application relevant stress on the power FET
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Z\V/S Application Profile (IC)
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V. Stress applied to
internal circuits

51]1] kHz
/ |

Vs Ringing .
Max Vg
\ AD
Ve -
PWM
REG
UDD
':El dV/dt a
~ u
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C % Stress applied to

driver on each
switching cycle

Driver run at application
frequency & duty cycle

I

[

Driver components stressed
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ZVS High Temp Op Life (HTOL) Circuit

500 kHz

HTOL Circuit Variables

Voltage e Temperature
Current * Duty Cycle
Frequency

e L-Cload applied to half-bridge topology along with complementary inputs & dead time setting to achieve soft-switching

* Power consumption is the only loss elements (DUT, Inductor) since energy is recycled = many cells in parallel

e Circuit allows for same application stress on GaNFast Power IC as customer application (Voltage, Current, Frequency)

* Applies application conditions to the driver & integrated IC so power IC is also qualified in the same test

Dr. Nick Fichtenbaum, APEC 2018



. . . i @ Navitas
ZVS HTOL Applied to Statistical Sample Sizes

HTOL Mother Board

* Matches all elements Qualification 3 Lots x 77 Parts

of application profile
e FET&IC

e Many cells in parallel

e Statistical sample Voltage
SIZ€S Lifetime Models Current
Frequency
e Low total power Temperature

consumption

e Conditions changeable
to develop lifetime and Early Life
acceleration models =il FEiE 3 Lots x 1,000 Parts

Dr. Nick Fichtenbaum, APEC 2018
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HTOL-based Lifetime Model

1.E+05
» T=125°C, Voltage Acceleration
T 1E+04
£
g ®
® LE03 ..
Voltage/ 2 - o
] ‘e
Temperature E .t
. . 1
Time to Fail (hrs) « Woltage)™=2116
1.E+01
400 450 500 550 600 650 700
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1.0E+04
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__ 1.0E+03
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2 ......... P
K 1.0E+02
8
Q
£
"~ 1.0E+01
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1.0E+00 °
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Dr. Nick Fichtenbaum, APEC 2018 Tjum:tinn (°C)



S . . © Navitas
Lifetime Estimation in Charger Application (ACF)

= 0.62eV

| |
v

[TIJHII Acceleration Factor(AFr,..) = AFreup X AFvoirace J

E CE— : _ (Yretiavitity yn
[Tempera ture Acceleration Factor(A Fr:mp] _ o x(T.,;.p..m.m Tmmt_m} J [ Voltage Acceleration Factor(AF unlm.ge) = (vwnm“] J
n=21

E.

3

[ Lifetime estimate in application = AFr,,; x Time to fatlure in reliability (TTF qabiiiey) ]

Rectified Reflected
AC voltage Voltage

AC line Voltage

Full power Temp

ACF Charger (V) (V) v) (°C)
Full-Power 120 170 125 295 85

Profile
240 340 125 465 85

Lifetime = AF;,,,,xTTF

reliability

= 81 years @ 240V AC input
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‘Beyond’ JEDEC Qual Plan for GaN

GaN-Based Qual Plan

Reference Test Conditions Duration | Lots | S.S.
| Preconditioning (MSL1):
J%_Ssl)fs_g;()l 3 Moisture Preconditioning + 3x reflow: N/A 3 308 / \
HAST, UHAST, TC & PC
. Lifetime Models
A JESD22-A104 Te”;‘;f?t/“goc%c'e' 1000cy | 3 | 77
v : (HTOL, HTRB)
)
(Vp] Power Cycle:
JESD22-A122 e 10,000cy | 3 77
gJD — Delta Tj = 100°C L J
© .
Y ) Highly Accelerated Stress Test:
% JESD22-A110 130°C / 85%RH / 100V Ve 96hrs 3 77 / \
o ~
High Temperature Reverse Bias:
JESD22-A108 1,000hrs | 3 77 .
150°C / 520V Vg Failure Modes
n - High Temperature Gate Bias: Established
8 JESD22-A108 150°C / 6V Ve 1,000hrs | 3 77
| -
& - /
2
()]
JS-001-2014 Human Body Model ESD N/A 1 3
35-002-2014 Charged Device Model ESD NA | 1| 3 Application Specific HTOL Test Bench

Dr. Nick Fichtenbaum, APEC 2018
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