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. @ Navitas Semiconductor Inc.

World’s first & only GaN power IC company
e Mass production, qualified “Beyond JEDEC”
 Founder member JEDEC JC-70.1 GaN Reliability

e WWW.Nhavitassemi.com

~ Navitas

GaN '™ Navitas . t
Pov GaN | naVI aS

Powis jc noun | en-er-gy
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@) The Si Landscape . GaNFast”
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@ The GaN / SiC Landscape
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@) The Next Revolution in Power Systems  GaNFast™ 3

Linear Switchin — Switchin HF Switchin
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@ Market Demands

e Legislative
e US DoE VI, Euro CoC Tier 2

e Features
e Type C,USBPD3.0/PPS/QC4.0

* Performance
e Fast charging, size, weight, low profile

e Cost
 Premium vs old, slow designs?




@ Speed & Efficiency are Key GalNFast”

* Speed enables small size, A & Navitas
low-cost and faster charging Gan Power IC

V/Upto

 Efficiency enables energy savings . .
% o e GaN Energy
e With Silicon or Discrete GaN power S5 RS Eaiines
devices, you can get one or the other L
L
e With GaN power ICs, you get Up to 100x faster
bOth at the same time Shrink size, weight & cost
unequaled Speed & Efficiency >

100kHz TMHz 10MHz
SPEED (FREQUENCY)



@ High-Frequency Eco-System GaNFast”

GaNFast power ICs plus...

e HF Controllers
Brge D
 HF Magnetics
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@ Magnetics: 10x Faster Every Decade GalNFast~
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Y. Han, G. Cheung, A. L1, C. R. Sullivan and D. J. Perreault, "Evaluation of Magnetic Matenals for Very High Frequency Power Applications,” in JEEE
Transactions on Power Electronics, vol. 27, no. 1, pp. 425-435, Jan_ 2012.

A.J. Hanson, J. A_Belk, 8. Lim, C. R. Sullivan and D. J. Perreault, "Measurements and Performance Factor Comparisons of Magnetic Materials at High Frequency,”
in IEEE Transactions on Power Electronics, vol. 31, no. 11, pp. 7909-7925, Nov. 2016.



@) World’s First GaNFast™ Power ICs  GaNFast”

Fastest, most efficient First & Fastest Integrated World’s First
GaN Power FETs GaN Gate Drivers GaNFast™
Power ICs
|_.
I_ H
|_ _
—— + . —
— H [
> -
|_
>20x faster than silicon >3x faster than any other gate driver
>5x faster than cascoded GaN Proprietary design
Proprietary design 30+ patents granted/applied

Up to 40MHz switching, 5x higher density & 20% lower system cost

10



@) Single GaNFast Power IC GalNFast™

 Monolithic integration, 650V
e GaN FET DC IN(+) —o Y'Y \-—o—-Dl-—o—Dc OUT(+)

e GaN Driver
* GaN Logic

e Mass production

-1

e— DC OUT(-)

5x 6 mm QFN

11



@ Clean, Controlled FET Gate GalNFast™

File | Edit | Vertical | Digitii[ | Hurisz.:q| Trig | Displﬂy| Cursors | Measure | Mask | Math | MySccpe| Analyze | Utilities | Help ‘n

e Discrete driver

* Gate-loop inductance
creates overshoot : _
(even with good layout) i i i

e Reliability concern

* GaNFast Power IC
* No gate loop parasitic : - GaNR 1 |
e Clean and fast gate signal | : |
 No CdV/dt turn-on

e No IV crossover turn-off
switching losses

T 2.0Vidiv
&I 2.0V 50.0ns




@ Half-Bridge GaNFast Power IC GaNFast”

 Monolithic integration, 650V
e 2x GaN FETs
e 2x GaN drivers
e GaN Logic (level-shift, bootstrap, UVLO, shoot-through, ESD)

o

I J "
LOGIC &

|
|
ANTI

SHoOT H |
THROUGH |
— |
|
Psno [
__________________ A e
123456 7

(PAD1)

e Stop . 49 6 x 8 mm QFN

10kS  10G%/s Edge Positvs
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@ Robust GaNFast Half-Bridge

Non-Overlapping Logic Input

(Typical Operation)

09 Jam 18 1160248

INPUT-
Hi 1§j,cl,g,|

Che 20 By MB00n: 125658 T 320psipt
Gk 2V S5y A DR o 102V

GaNFast™

Overlapping Logic Input

(GaNFast Power IC Protection)

By MB0Ons 128658 1T 30psi
B & Chl s 1002Y

5V digital input, 6.2 V gate output, 80 ns/div



‘Beyond’ JEDEC Qualification GaNFast™

GaN-Based Qual Plan

Reference Test Conditions Duration | Lots [ S.S.
| Preconditioning (MSL1):
‘]I\E]SSD_I_Zég‘Zlol 8 Moisture Preconditioning + 3x reflow: N/A 3 308 / \
HAST, UHAST, TC & PC
. Lifetime Models
A JESD22-A104 Tem%‘f?,”;‘;géc'e' 1,000cy | 3 | 77
4 : (HTOL, HTRB)
]
s} Power Cycle:
JESD22-A122 . . 10,000cy | 3 77
o — Delta Tj = 100°C \_ J
© .
7 i Highly Accelerated Stress Test:
8 JESD22-A110 130°C / 859%RH / 100V Vg 96hrs 3 77 / \
[a —
High Temperature Reverse Bias:
JESD22-A108 1,000hrs | 3 77 :
150°C / 520V Vg Failure Modes
v | JesD22-A108 High Temperature Gate Bias: 1.000hrs | 3 27 Established
Q 150°C / 6V Vg
S
& = J
L
()]
JS-001-2014 Human Body Model ESD N/A 1 3
JS-002-2014 Charged Device Model ESD N/A 1 3 Application Specific HTOL Test Bench




@ ZVS HTOL at Statistical Sample Sizes GalNFast”

Matches all elements
of application profile
e FET&IC

Many cells in parallel
e Statistical sample
sizes

Low total power
consumption

Conditions changeable
to develop lifetime and
acceleration models

HTOL Mother Board

Qualification

Lifetime Models

Early Life
Failure Rate

3 Lots x 77

Voltage
Current
Frequency
Temperature

3 Lots x 1,000



GENFastﬁ
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@ Lifetime Estimation: ACE Gﬁarger éENFasti

appiicarion
E,=0.71eV n=172

| |
!

E 1 1 v
- LY : — gy w1t
[Tempe rature Acceleration Factor(AF ,,,) = PE e ok y— J [ Voltage Acceleration Factor(AF yuia.) = (5 ) J

[ Total Acceleration Factor(AFy,,.) = AFrpup X AF pairace ]

w

[ Lifetime estimate in application = AFr,, x Time to failure in reliability (TTF,.apuicy) ]

Rectified Reflected

AC line Voltage AC voltage Voltage Switch Full pm.::er Temp
ACF Charger (V) V) V) Voltage (V) (°C)
Full-Power —
120 170 120 290 85
Profile
240 340 120 460 85

Lifetime = AFrorq X TTF epigpitiey = 233 years @ 240V AC input




. @ GaNFast Applications

~ Navitas

GaN ™ Navitas
Poy Gé/V r

Power IC

4

T i
o 0 E
i i _

19



d9 7281 10d-IH

22 OB asd. 5

240V,

GaN: No overshoot/ringing: good EMI
Smaller, cheaper EMI filter

Ref 100 dBY
EmiAy

Start 150 kHz
Res BH 9 kHz

@ EMI? Si QR @65 kHz vs. GaN ACF @300 kHz G3NFast™

115V,

#Atten 18 dB

+Atten 10 dB

Meas Uncal

VBH 30 kHz Sweep 4 ks (1515 pts)

20



Quiet Power: GaNFast ACF at 1 MHz C;'ENFast"’

* High frequency + Soft-switching + Pre-emptive EMI design

M Naice -] —— WO Shielding | DM Noi —— W/O Shielding |
140 : 140 olse
M N:OISE i| === With Shielding . = \With Shielding
| EN55022B —EN55022B
e />\ 120 L N B 9 120 TN i
> i [N > L
m m
g I e il nnn
‘ — ¢ 100 ¢ 100 :
' = 3 : él 3 E " ' il |
i & sop- & 80 EarE i ik H 'j
CPES Prototype iPhone charger S S }
=Rk i 41 LU || ““ I |
60 it 60 UST R |
Conducted EMI Analysis and Filter Design for MHz Active )
Clamp Flyback Front-end Converter 40 P : R : . 20— R : IREERi -
10 10 10 10
Xiucheng Huang, Junjie Feng. Fred C. Lee, Quang L1, and Yuchen Yang Fl‘eq ue ncy(HZ) Freq ue ncy(HZ)

Center for Power Electronics Systems, the Bradley Department of Electrical and Computer Engineering
Virginia Polytechnic Institute and State University, Blacksburg, VA, 24061, USA

978-1-4673-9550-2/16/$31.00 ©2016 IEEE 1534
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Proprietary; Authorized Use with Navitas License

GalNFast™

NV6252 Half-Bridge

@ World’s Smallest 27 W USB-PD

GaNFast™

Power,

Output 27 W USB-PD
Tobolo ACF with UCC28780 and

POIOEY NV6252 GaNFast Power IC
Frequency |300 kHz
Size 23 cc (39 cc with case)

. 1.2 W/cc (19 W/in3)
Density (0.7 W/cc (11 W/in3) cased
o) o)

Efficiency >93% peak, 92.8% at 90 V,, full load

DoE Level VI, Euro CoC (EuP) Tier 2

Available now

22



27 W Clean Design >

Transformer

RM®é SR FET

P/
‘ §

c—

= ¥ { AC Bridge

CM Choke — EHdin .
\ TN SRIC

™
B

GND

280V | .

2 = il

£ ?‘5‘& Type_c
' Receptacle  V,,

o

AC Plug

T5A

/\

B 5 ooy amzeagg
: i i AN |

DM Choke _- i

Bulk Caps

GaNFast™
NV6252 ACFIC

23



@ 27 W High Efficiency

Full Load

94%

93%

92%

91%

90%

89%

88%

87%

86%

85%

84%

Vour=2V

oV

—e 115V,

90V, 230 Vic

11V

4-Pt Average

10% Load

94%
92%
90%
88%
86%
84%
82%

80%

90%
88%
86%
84%
82%
80%
78%
76%
74%
72%
70%

oV

11V

9V

® 115V,
230 V.

11V

24



@) 27 W Cool Operation GaNFast™

AC Bridge 80°C
Transformer 75°C

SRIC 80°C

GaNFast
Half-Bridge 75°C

Ve LDO 80°C

90 V,., 27 W, 25 °C, uncased, no airflow

25
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World’s Thinnest Universal45 W GaNFast™

GalNFast”
NV611x Power ICs

Mu One 45W Apple 27W

* |In mass production, see www.kickstarter.com , search “Mu One”

e Size : 29 cc (41 cc with case)
e Density : 1.7 W/cc (27 W/in3), 1.1 W/cc (18 W/in3) cased

Proprietary; Authorized Use with Navitas License 27


http://www.kickstarter.com/

45 W Mu One: Major Components

GaNFast™
NV611x Power ICs

Planar Transformer

28— Type-C
Receptacle

Bulk Caps

GaNFast™

ACF IC UCC28780

28



'@ 45 W Mu One: Cool Operation  GiNFast™ .

Top Bottom

GaNFast
Power IC 75°C, 80°C

Transformer 80°C

AC Bridge 80°C

SRIC 85°C
SR FET 85°C

90 V,., 45 W, 25 °C, uncased, no airflow

29



@ 45 W Mu One: Efficiency

Full Load, 20V

94.5%

94.0%

93.5%

93.0%

92.5%

92.0%

91.5%

91.0%

90.5%

90.0%

90

115

140

165

190 215 240
Input Ve (V)

265

4-Point Average

92.0%

91.0%

90.0%

89.0%

88.0%

87.0%

86.0%

85.0%

84.0%

83.0%

82.0%

81.0%

80.0%

S5V

o9V

GaNFast™

—e 115V,

15V

90 Ve

C

20 Vour

30



@) 45W Mu One Conducted EMI

A ..-h-""--.-.__.__... e — — =
40 |
Vi
; L"L.Ir b, |‘ |
o .11.-1-1"'l;.1-"__.- UL"I'J'-'-.-Jlr-l jw| |.*1’|‘“"".‘“‘I ]
1]

GaNFast™

31



,.*fr.“.” 3
W R
% ._(- L
1 4 - e
Jy 1 i Y
¥
)
¥

9

. Radiatg

One

>
2

M

7

. ks

45!
]

32

9

.
§ I

e 18

: __.‘:-',,...;‘..i..._..{

12,5

X F.‘JJ_ il

o

Data Reduction Result 1 [1

o AR




155
mm

38 mm

GaNFast™ ‘

Power ICs

A

Power, Output

65 W USB-PD

Topology

ACF with UCC28780 and NV6115, NV6117 GaNFast Power ICs

Frequency

300 kHz

Size

27 cc (45 cc with case)

Density

2.4 W/cc (39 W/in3) (1.5 W/cc (24 W/in3) cased

Efficiency

>93% peak, 92.8% at 90 V,, full load
DoE Level VI, Euro CoC (EuP) Tier 2

Proprietary; Authorized Use with Navitas License

@) World’s Smallest 65 W USB-PD Adapteti/NFast”

33
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@ Highest Efficiency

94%
92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
72%
70%

4-Point Average Efficiency

—i 115 VAC
/ 230 VAC
CoC Tier 2

5V/3A 9V/3A 15V/3A 20V/3.25A

* Peak efficiency = 94.3% at 230 V,, full load (20V/3.25A)
* Lowest line efficiency = 93.4% at 90 V,, full load

e Standby: 25 mW at 115 V,, 40 mW at 230 V.
e CoCTier 2 specis < 75mW, DoE Level VI spec <= 210 mW

94%
92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
72%
70%

10% Load Efficiency

GaNFast™

230V,

CoC Tier 2

5V/3A

9V/3A

15V/3A

20V/3.25A

34



@ Cool Performance | GaNFast™

SRIC
82 °C
AC Rectifier
90 °C
GaN IC
81 °C

* Meets customer case specification of <=50°C
e Conditions: 115V,, 20V, 65W, 25°C ambient, no airflow, no heatsink

35



@ 100W: Topology?

e Fixed or variable output?
e LLC best for fixed output
e ACF best for variable (PD) output

#1

AC

#2

AC

#3

AC

Block Schematic

crem 97.5%

creM 96.5%

[PD]
DC-DC [PD]
PEC LLC
CrcMm 97.5%

DC-DC [PD]

98%

GaNFast™

Example 100 W Output Total Efficiency
(Full load, 90 V,, 25°C,
no airflow, includes PD loss)

19 V fixed 94.5%

USB-PD, Type C 93.6%

USB-PD, Type A 15 W
USB-PD, Type A 15 W
USB-PD, Type C 45 W
USB-PD, Type C 45 W

100 W max 92.6%

36



GaNFast™

2 8yLl €3dN

.

38 mm

2 B

¥ E¥

World’s Smallest 100 W USB-PD

GaNFast™
Power ICs (ACF)

Height = 14 mm

GaNFast™

Power, Output

100 W USB-PD

Topology

CrCM PFC with NCP1615 and NV6115 GaNFast Power IC
ACF with UCC28780 and NV6115, NV6117 GaNFast Power ICs

Frequency

PFC min. 200 kHz, ACF 300 kHz

Size

40 cc (65 cc with case)

Density

2.5 W/cc (41 W/in3) (1.5 W/cc (25 W/in3) cased

Efficiency

>93.7% peak, 92.1% (target >93%) at 90 V,, full load, DoE Level VI, Euro CoC (EuP) Tier 2

Proprietary; Authorized Use with Navitas License

37



@) 100 W USB-PD GiNFast™

Light Load (20 V, 500 mA)
/ . ™ TELEDYNE LECROY

Nl W | T ||‘» s _ T T

R

uuuuuu

w— N 1 us/div

VPFC_sw

Light Load (20 V, 500 mA, zoom)

e
|
|

50 us/div | i ||| | | i

EDYNE LECROY
Ty
AR
I
i i
f | J
f ;.I! | il f
| { I | |
L I 1
| |
A .I A
"
A
i il Ir \ A A
ATATA! RPRTA I
b

status

200 Vidn noviE | 1w
__ 350 2010V WS
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Power ICs (LLC)

GaNFast™

Power ICs (PFC)

Proprietary; Authorized Use with Navitas License

@) 150 W, 19 V: 200/500 kHz

GaNFast™

Power,
Output 150 W, 19V
Tooolo CrCM PFC NCP1615 & LLC NCP13992AB
pology with NV6115 GaNFast Power ICs
Frequency | PFC min. 200 kHz, LLC typ. 500 kHz
Size 63 cc (101 cc with case)
: 2.4 W/cc (39 W/in3)
Density 1.5 W/cc (24 W/in3) cased
o) o
Efficiency 95% peak, 93% at 90 V,, full load

DoE Level VI, Euro CoC (EuP) Tier 2

39



@) 150 W Highest Efficiency GaNFast”

O O
(S2le))

4
f
!

O O O
R N W

0 0 WO
0o W O

——-115V
230V
o0V

Efficiency [%]
00 00 OO0 00
A 000

o 00 00
R N W

o
o

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

I:)OUT [W]
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@) 150 W Cool Operation GalNFast™

PFC GaNFast 85°C
LLC GaNFast 70°C

LLC Transformer 90°C

SR FETs 85°C
PFC Inductor 90°C

AC Bridge 85°C

90 V,, 150 W, 25 °C, uncased, no airflow

41
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