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@ Navitas

Technology Comparison

Energy Gap Electron Saturation Breakdown
Mobility Drift Velocity Electric Field
mii ﬂmﬂ n-H -1
Si SiC GaN Si SiC GaN
Stable/robust/ Fastest switching Smaller die

low leakage

Excluding the three semiconductors (Ga,0;, Diamond, AIN) for which commercial devices are not available, GaN
is the semiconductor with

 The largest energy gap

* The largest critical field

* The highest saturation velocity
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Industry GaN Solutions ® Navitas

T

Source Drain Source Drain
Gate Dielectric
- . Dielectric
AlGaN AlGaN
GaN \ .G.a.hl.............K‘............l
2DEG Channel 2DEG Channel
Buffer Buffer
» Vgs>Vth, FET on » Vgs=0, FET on
» Vgs=0, FET off » Vgs<|Vth|, FET off
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DMODE GaN Solutions @ Navitas

N Cascode (Dmode GaN + LV Si FET) Direct Driving Dmode GaN

Source L
650V
Gate Dielectric D Direct- Drive L]
off GaN HEMT s T T N
AlGaN I &.- RORV | Ir___EH:
|

IEaINIIIIIIIIIIIII\IIIIIIIIIIIIII : I-_OV —_IN i i I :

2DEG Channel ~~VDD \,,LG B
Buffer . - ) OCP, OTP, : Current ~
Si FET ' . 5V oo e—— [V b
N - s | B
FAULT
5 5 = \\gﬁ
» Vgs=0, FET on
> Vgs<|Vth|, FET off v Compatible with existing Si driver v Direct driving dmode GaN
v Low reverse conduction voltage x  More complicated negative
Not for X Reduced benefits from all GaN voltage gate driver
itchi power stage due to the increased
ectlaeling Rdson*Qg, reverse recovery etc.
power by x Large dies

itself / x Not easy for parallel application
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EMODE GaN Solutions @ Navitas

orcon I o povitas
. P-GAN P-_GMI
______ won __ /)] 88 B e o
®

2DEG = . O C® . = e e e e e
GAN 2DEG GAN
Buffer
> Recessed Gate » pGaN Gate Process
v’ Potential high Vth v Process control
X Challenging process control X Lower Vth, typ.<2V

X Potential Gate leakage challenge X Limited gate SOA range
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- Discrete VS Integrated GaN
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One Major Challenge in Emode GaN VA EWIER

Vg 1

N B
DR

@ Discrete
GaN

,000,000.00

Excellent field reliability
10,000.00 . I
guaranteed by design I

Time to fail (yrs)

1
100.00 Navitas GaN IC :
|
————————————————————— - . - 10 ears
r Unprotected GaN Y
1.00 1
/ : :
/\1 I . Gateringing and overshootDegraded field reIiabiIiﬁ&
| 1
0.01 1 1
6 6.5 7 7.5 8 8.5 9

Vg (V)

* Gate generally needs to be > 6V to get the GaN ISAT/Rdson benefits, but its reliability is degraded when Vg >8V or
less. Unlike Si powerFET, it left very narrow margin in system board design if the powerfet is used as discrete.
* High Vgs SOA GaN technology is not mature yet for wide mass production.
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Discrete (or Copak) Vs Integrated GaN

Discrete (or GaN + Si copak)

e Gate driveris on a separate die in the
same package or a separate chip.
PowerFET gate is exposed in internal
die level or package level.

© Navitas Semiconductor 2022

Integrated

@ Navitas




Gate Reliability Challenge

@ Navitas
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L1

Parasitic Ind of
PCB connection

L2

Parasitic Ind of
PCB connection
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Navitas Integrated Solution VA EWIER

[ i
‘kg J\'\,&'M\WW«"JMMW#W!WWm“l'-*W\WWM%MWWWI

W
Discrete GaN VGS

0 O N

50.0ns/div 5.0GS/s 200.0ps/pt

Auto ‘ 1

PWM Hysteresis to
suppress input noise

‘@e /sav
|_None
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Discrete GaN vs Integrated GaN ® Navitas

Discrete GaN GaNFast with GaNSense Technology
Py ey , PO Ceme i

S [OT TR I8 LS |C4] 1 L THEEEET e 10 BEENE - Thase & J6 psf Tngaer NS
100V dn 0.0 diw i 5.00 Addnv v Mormal 90

.00 prelch
015V 3010V . 3 . Nay g0 4954 ofst 00kS 20 GS/s Edge Fositve

» Clean switching, no ringing and no glitching
Ringing
causes
glitching!

» Ringing can lead to gate voltage over-stress, poor
gate reliability, reduced lifetime

&
C1 | NN

E TR ) 220 4 312 ol oo (MBION . . : :
o S| geizaed ~ Glitching can lead to poor EMI and device failure
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GaN Integration for Efficiency, Speed & Stability ® Navitas

External D’river +20

e

Discrete External Driver

Rpamp required to reduce oscillation and
voltage spike at the power FET gate

damp
HV power

FET
Gate driver loop

Monolithic GaN Driver + FET

Integrated Driver

il

Minimized gate loop
eliminates any unwanted
noise to effect the control
and reliahility of the device

I

[ £y g B ; SRR TR O N LN I N W oiiidoioiiiiis Eag
Ll L A L R L A I | T | i T T =T
10 04 L 1.2 16 20 24 28 12 36 4 2850 2§66 19 25049 2908 3912 2916 390 3504 10E 259 3ms age
tiree (us) | bumz fus]
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Integrated GaN Driver is a Must in High Power GaN IC ® Navitas

Buck Mode lload=60A

Boost Mode lload=60A . .
...................................................................................... * Excessive gate overshoot / undershoot can be seen in

Transiznt Responze . . .
N e Comer_| e o i e e e — GaN high power systems if powerFETs are discrete and
s T 07 VLN " Sveervesssssssss _ there are noticeable PCB level patristic inductances.
SW 400.0 : D e T Y N T T e i TR b B BB & E om0
FSOD.O—
= .
==m§W slew rate: 98V/ns SW slew rate: 42V/ns «  Setup: 60A load, 20mohm Rdson HS and 20mohmohm
100.0
00 Rdson LS buck/boost modes simulation.
o B 444,25218V
VDS of LS 4000 AV MANAAAAA A e AANAAAAAS
j 3 -——>
power fet =" 444.2V Ls ne |
100.0 4 Ls_aa Ls s /_ / : :
, 00 Coupling by SW ’ i |
Gate of LS .. - - -2, A
fet s I o1 Gp—— o ; l
power te :a: 00 “‘_____.- ~A ¢ 4l———-] vy
[H 5.0 = “‘-‘III-I“ Cﬂl —_
! Y - AC IN —KY}Y\ PN T~ Cpurk
Gate of HS 00 B S 1M i
power fet S 1007 : ; —— :
R Lo Lss
3004 (& _27. U ‘:
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] |dS Of LS a 00 \\_AA’M S 1B LS_SB S 1B
= : oy Y
0.0-. vvvvvvvvv
-50.0 3 — /
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Navitas Patented Integrated Turn On dv/dt Control ® Navitas

Vewmh Vpz=6.2V
180 1 V,, =400V

A ]
!-FI:OE 160 4 |l=6'ﬁ'
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- 60 4
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/' 20 |
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- -
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T
g
H
|
I
Y
v
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[
8 8

llllllll

Turn-on dv/dT (V/

Advanced multiphase Gate Dv/dt controlled by Cross reference of RDD vs dv/dt
Shaping for turn on dv/dt control programmable external Rdd
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Navitas Patented Integrated Turn Off di/dt Control® Navitas

No Turn Off Di/Dt Control With Turn Off Di/Dt Control

NV6134 NV6134 I

- - - -— Radi  SSidi g suromont
I Iﬂ‘mod Emissic lllnmummnm ‘ I
Foe HURVUAN Data 4 Cne: 20zzicucs Time: 507
Fle HUAYUAN oata 15 | oo e | o dim

I O S
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| P |
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N (MHz) | (@EW) | (dBm) @B) em | )
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Frequency |Reading | Factor | Level Limit  |Margin Haight | Azimutn 2 367662 1983 | 1340 | 3323 | 4000 | 677 | peak P
No (MHz) | (dBuv) | (dB/m) |(dBUVim )| @) "% em | peq) | PP | Remark 3 | 391616 | 1683 | 1377 | 3060 | #0.00 | 8.40 | peak &
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7 1428243 16.52 14.45 3097 40.00 9.03 | peak P
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= — Radiated Emission Measurement
Radisted Emigyion Msmpunmant File HUAYUAN Data #8441 Date: 2022/03/08 Thme: 15:02:24.
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o wwie
w
w
= °
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J o
w
I Fi ™ oliwi ] w .
N u IAREINS e M contro
A i v’ T \ v
]]'.‘ Al "‘JW'F *IUAV JWW\‘\"\, o | w I \ JLM‘—\._* e |
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I

11V/6. f LI T, :
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ACZIOWB0Hz

Limit: EN55032_B_3m_QP Power. Homidy:  54% EUT: Distance: 3m

A, e e * 10db better margin at 550Meg

Mode: FULL LOAD Note: #q1
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Mo, | Freseney [Resdng | Facor | Level | Uit Moo, | 2 o [ o

No. | Frequency |Reading [ Factor | rever | umit [margin| | veion [mmman | oo | oo

v (B, | iy [cmdim) oButn) | €0 gl iy 1 307455 | 2023 | 1281 | 3314 | 4000 | 6.85 | peak P
1| 306378 | 2374 | 1290 | 3664 | 40.00 | 3.36 | peak P 27 560783 | 2042 | 1360 | 3402 | 40.00 | 596 | peak °
7 ey 1978 1340 18 20,00 82 s P 3 56.1974 1831 14.15 3045 40.00 9.54 | peak P
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The GaN Revolution: Ultimate Integration

@ Navitas

Silicon FET Discrete GaN
* Old, slow * Exposed gate
* High Q, * External gate drive
* High Cyg + dV/dt sensitivity

Fsy < 100 kHz * Layout sensitivity
* ESD sensitivity
* Unknown reliability
* Unknown robustness

© Navitas Semiconductor 2022

GaNFast™
200-300 kHz

ANANENENENENEN

="
1
i | controi |

Q- Drive |
| | Protect ]
— J

Internal Gate
Integrated Gate Drive
dv/dt Immunity
Layout Insensitive

2 kV ESD rating
Proven Reliability
Proven Robustness

GaNSense Half-Bridge
1 MHz

800 Vmax

Autonomous ’;::’ @

Standby

Maode
1
kvsso s i
. /G 1 E Drive g
! ' r i Cont{o.' |—
! Sensing
k 1 (b_ Protection |_

v '.

GaNSense”

500 kHz

A\ Ve
‘M

Autonomous

Standby
Mode \\& J p============oe-

i | control
Drive

i | Protect
i

i

l__________o__________

. Level-Shi
o ) over ‘- O LerelShi |
s oy a = @
------------------- To) =
Autonomous Loss-Less N Z Over-
Over-Current Current LN ' Temperature
Protection Sensing \ @ / Protection
. Autonomous
GaNFast plus. Over-Current
Protection
v' Autonomous Standby
v Autonomous Protection GaNSense plus:

v’ Loss-less Current Sensing
v' High Precision
v’ High Efficiency

v’ Highest integration
v integrated HS and LS FETs
v’ Integrated level-shift isolation
v integrated boot-strap
v’ Shoot-through protection
v' Enlarged cooling pads
v’ Fastest switching
v' Highest efficiency 18




Lossless Current Sensing @ Navitas

DCM Tracking
Example @ 192KHz ||

QR
Controller

ouT

A Tz

CCM Tracking P sl P
Example @ 200kHz [N

Vs (0.44 Vidiv)

Source

Isource
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@ Navitas

Lossless Current Sensing Efficiency Benefit

60W HFQR, 90V, ., 20V/3A, 1 Hour

Efficiency (60W HFQR, 20V/3A)
NV6125

Rosion = 170 mQ2
R, =.170mQ
Ron(ror) = 340 mQ

JAAN

R HOT-SPOT
= 85°C!

GaNFast™

0.945

--@--NV6125
(170mOhm)

0.94
NVE136 (170mohm)

0.935 ’
’

NV6136
Rosion = 170 mQ

R, =_0mQ
Rowgron = 170 mQ

0.93

Efficiency

0.925 ' Efficiency +0.5%

0.92

NO HOT-SPOT
T,y 10°C Cooler

0915
80 120 160 200 240 280
AC Line Input [V,/]

© Navitas Semiconductor 2022

20



Autonomous Over-Current Protection (OCP)

Discrete GaN Solution

Vo
L oA L L .
O-0—-0—-0-0-0
& :. -: F & F
I
- >
- *

£}

Uses QR controller
OCP function

Tocp =180 ns

* Existing solutions use ext. R
* Filter + controller delay slow

GaNFast™
" with
Sense”

vCC D

|
|

|

- - I

PWM O—| 7= |
|

|

i

_______

S

v

Integrated
SCP function

Tocp=30ns

Autonomous OCP
Fast-acting self-protection
Cycle-by-cycle protection
Excellent robustness

© Navitas Semiconductor 2022

6x faster protection

Autonomous OCP
Fast turn-off time (30 ns)

~

QR controller OCP slow A
turn-off time (180 ns) —, |

QR controller PWM output

* QR controller OCP = slow turn-off (180 ns)
* NV6136 OCP = fast turn-off (30 ns)

@ Navitas
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Over Temperature Protection (OTP) @ Navitas

GaNSense IC w/OTP Unprotected GaN

Tj-off
Tj-avg
Tj-restart

© Navitas Semiconductor 2022



Autonomous Standby Mode @ Navitas

<4— STBY Mode —»' Burst Mode STBY Mode —»

i | t HFQR, no load

| P,y (no load) 115V, | 230V,
”W NV6125 39mW 40 mW
*—-TT“—'; t NVé6136 33 mW 33 mW

Autonomous low-power standby mode simplified circuit and timing diagram

* GaN IC autonomously enters standby mode in the absence of PWM signals.

» Super fast wakeup at next PWM rising edge.
— No discernable effect on propagation delay, current sense performance, etc...

* Inthe High Frequency QR Flyback no load example above, full system standby losses are reduced 17%
— NV6125 Gen 2 GaNFast part (175mQ typical).
— NV6136 Gen 3 GaNSense part (170mQ typical).

© Navitas Semiconductor 2022 23



Navitas Integrated GaN HB IC

Discrete GaN

€
r11 a—u—l_?g-‘ :g:rl

2x Discrete GaN
+28 components

bl Wb

Risky, Erratic, Lossy

© Navitas Semiconductor 2022

GaNFast IC

2x fewer components
3x Smaller design
Internal Gate protection
No Gate Ringing

NV624x HB Family S
1x GaN Power IC 1/2 the Components

+14 components 1/3 the Area

Reliable, Predictable, Efficient

@ Navitas
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Navitas Integrated GaN HB IC

@ Navitas

Digital Isolator
2x Single GaN
Power ICs
Bootstrap diode
Passives

PCB Area (mm?)
w W -]
= 8 =8

g

Size (PCB Area, mm2)

200
150
100
50
o 1

SOIC, IR2113 Capacitive-coupled, Capacitive-coupled, Inductive-Coupled,

UCC21521 Si8610BB-B-15 ADuM1234

© Navitas Semiconductor 2022

Half Bridge GaN
Power ICs 5X smaller
than alternatives

Inductive-Coupled, Inductive-Coupled,

Inductive-Coupled, GaN, NV62xx
2ED020106 ’
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Navitas Integrated GaN HB IC

3.50

Loss (W)

2.50

2.00

1.50

1.00

0.50

0.00

© Navitas Semiconductor 2022

@ Navitas

e 3x Lower Drive and Level Shift Loss at 1 MHz

FET-specific loss (e.g. I’R) common across all options, not included
GaN gate charge loss nearly negligible, common across all options

Capacitive-coupled,

W Loss #1: Level-Shifter

== ==
Capacitive-coupled, Inductive-Coupled, Inductive-Coupled, Inductive-Coupled, Inductive-Coupled
Si8610BB-B-IS ADuM1234 ADuM3223 BMGE0210FV-C 2EDO20106 GEN, NV62xx
W Loss #2: FET QG

Loss #3: Quiescent ~ M Loss #4: RG- M Loss #5: Bootstrap

26



Navitas GaN IC: Smaller, Faster, More Reliable ® Navitas

Discrete dMode GaN Discrete eMode GaN Navitas eMode GaN IC
dMode GaN Discrete Lo Ry Silicon
(3.7mm? FET . Integrates
(3.8mm?) eMod(e4G5aN Dzl)screte drive circuit Monolithic
~>mm & more GaN IC

Drive Circuit (in Silicon) Ny (1.4mm?)

Y- L¢R¢
Resist dMode MY
esistor GaN . .
Isolation _,I;,‘Ef\f_ . sumc s * No extra .C|.rcu|ts
pad mgm * No parasitics & delay
* Drive & power matched in GaN
* Integrated features, functions
5“Fi;m * Highest speed & efficiency

* Highest robustness and reliability
e Simple customer design

 Extra Si FET + other  Extra Si driver circuit * 50-80% smaller chip
* Cost & complexity
* Adds parasitics & delay
* Limits speed & efficiency

(1) ‘dMode’ = depletion mode = ‘normally on’ transistor, causes short circuit unless additional transistor added.
© Navitas Semiconductor 2022 (2) ‘eMode’ = enhancement mode = ‘normally off’ transistor.
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Summary @ Navitas

* GaN is the next generation power semiconductor that offers superior
performance.

* GaN power devices require monolithic integration of driver and power stage
to enable highest frequency, performance, and reliability.

* Further integration of real time protection and features delivers highest
efficiency, performance, and reliability.

28
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