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Introduction

* Why GaN

* Why Transphorm

* Comparison: SuperGaN vs. SiC

* Comparison: SuperGaN vs. e-mode (abbreviated)
* Limitless innovation

* Summary

Solid State Displays Airborne Radar 5G Base station
Lighting

g



transphorm | GaN Advantage and Value Proposition

Smaller, Lighter, Cooler Power Systems Drive Increased Value

HIGH POWER LOW COST
DENSITY SYTEM

Faster Switching Speed Efficient Power Delivery Smaller, Lighter, Cooler
2x to 4x faster than Silicon * Totem-pole PFC enablement * Increased power density
Reduced switching losses * Reduced component count * Lower overall system cost

over Si and SiC

Copyright © 2024 by Transphorm, Inc. Subject to Transphorm Copyright Notice restrictions.
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KVA UPS

~| \' Specification Value
. ' Power Level (max) 3 kVA
Super Output voltage (max) 120 Vac
Efficiency (peak) 93.3%
Power density 2.5x higher (2U->1U)
SuperGaN® Technology Quantity
TP65H015G5WS DCDCx 2
TP65H035G4WS DCACx 12
% 0
45-0 0 0 20 30 40 50 60 10 80 90 100

L Load(%)

Data Center (in production)
3 KVA Uninterrupted Power Supply

Silicon

SuperGaN® vs. Silicon: 60% Reductionin 3

g



transphorm | Why Transphorm?

Transphorm’s Critical Differentiation

Manufacturability

7

.

Vertically Integrated
S D

G
HEMT Design

EPI Wafer

Wafer Process

GaN FET Die

\

Ease “Drivability”

J

5

|
DS D
g
S
_

~
J

Ease “Designability”

~

Best-in-class Reliability

4 N
3.50E+11 1.60
3.25E+11 1.50
3.00E+11 1.40
2.75E+11 30 v
2.50E+11 120 3

SUEF 1.10 T
o 2.25E+11 1.00 5
3 2.00E+11 0.90 &
T 1.75E+11 0.80 &
o] o
@ 1.50E+11 0.70 o
1.25E+11 Lz 2
1.00E+11 050 §
7.50E+10 040
DUEF 030 =
5.00E+10 0.20
2.50E+10 0.10
00oes00 — [ O 0.00
2017 2018 2019 2020 2021 2022 2023 2024
Year
mField Hours = FIT (Failure per Billion Hours)
\_ J




transphorm | Product Offering Based on Power Ratings

Widest GaN Package Offering in the Market - Multiple RDS(ON) per

package for scaling
30 W to 250 W 0.3 kW to 2 kW 1 kW to 3 kW 1 kW to +10 kW
I

PQFN56 PQFN88 TO-220 D2PAK TOLT TOLL TO-247-3 TO-247-4
480 mQ 240 mQ 150 mQ 50 mQ 72 mQ 72 mQ 50 mQ?! 50 mQ
240 mQ 150 mQ 92 mQ 50 mQ? 50 mQ 35 mQ? 35 mQ
150 mQ 92 mQ 72 mQ 35 mQ)? 35 mQ 15 mQ

72 mQ

1 Includes AEC-Q101
2 Future option based on demand

g

6
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Rated Current (A)

Product Offering Based on DC Current
Rating

1000

100

@ Existing
QO Prototype

O Paralleling

) Future

Bare-dies

+

[= =)
+
i

Increasing Wg, Reducing Ron

(480 mQY)

10
Ron (mQ))

Module
Examples

”“ “l
T

\ I
h’hlr, TIE‘[‘,L_‘:_%V
[ o
"

P~

Semi PowerEx

. and FB
Up to 223 A

Fujitsu General
2 and 3 Leg
Upto40A
(with drivers)

g



transphorm | Transphorm GaN TAM +$8B in 2028

30V 500v 600V 1200V 1500V
; P é +

transph<rm

Group

@YOLE

Og Higher efficiency & performance

G TAM for GaN >> TAM for SiC




transphorm | Definitive Agreement In Place For Acquisition

News Release

Renesas to Acquire Transphorm g z ENESANAS

to Expand its Power Portfolio
with GaN Technology Z@

» Acquisition Accelerates Renesas’ Wide Bandgap Expertise

and Roadmap to Fast-Growing Market Opportunities for EVs,
Data Centers & Al Power, and Renewable Energy




transphorm | Latest Information and News Pertaining to WBG

Poor volume and price stability of SiC
substrates: TSMC's main reason for not
entering the market?

Nuying Huang, Taipei; Jessie Shen, |
DIGITIMES Asia

- | P o |
f in [ =

(® Wednesday 21 February 2024 |

1 Like 4 N
L s A '.'M‘"M“WWMMWH i
Tl shifts 6-inch GaN process to 8-inch to reduce costs

"There is a perception that GaN semiconductors are more expensive than silicon carbide (SiC) semiconductors, but
we are seeing a price reversal. We are building 8-inch fabs in Dallas, Aizu, Japan, and other places. When these are
ready, we will be able to provide solutions that are significantly lower than the current price," Ju-Yong Shin, director

of Tl Korea, said in a recent interview.

"Tl has traditionally produced gallium nitride semiconductors using a 6-inch process, and our Dallas factory is
expected to transition to an 8-inch process by 2025. Taking the Aizu factory in Japan as an example, we are shifting
existing silicon-based 8-inch production lines to GaN semiconductor production lines, but we cannot disclose the

time required for conversion,” Shin added.

Industry insiders said that Tl's process transformation may lead to a decrease in the price of GaN semiconductors.
Switching from a 6-inch production process to an 8-inch process is expected to reduce production costs by more
than 10%. If Tl shifts its power management integrated circuit (PMIC) production from an 8-inch process to a 12-

inch process, it will also promote price reductions in the entire industry.

Credit: DIGITIMES

According to industry sources, TSMC's lack of interest in SiC technology could be attributed to

T

the pricing and supply of SiC substrates.



transphorm | Important Wide Bandgap Discussion Points

‘ Wide bandgap

\

@ Resistivity
Manufacturing
< ©

11 “
Proprietary and Confidential



transph-rm | Thermal Resistivity = L/(kA)

Voltage Rosion (Q) loran (A) P R T,
Technolo COND o e Comments
& (v (100°C) | (100°C) | (W) | (°C/W) |(T.=100°C)
Si IGBT (std.) 650 1.55V e 60 93 0.60 156 Vosay Stable over temperature
SiC MOSFET 650 0.020 60 73 0.35 126 Gen lll technology
SiC MOSFET 650 0.020 60 70 0.48 134 Gen IV technology, TCR increased
SuperGaN 650 0.018 60 67 0.47 131 Comparable TCR to latest SiC
Key Factors i SiC SuperGaN [ = = = Si IGBT 1200V Tj =150°C Si IGBT 1200V Tj =25°C D

o= e e SiC MOSFET1200V Tj =150°C

SiC MOSFET 1200V Tj =25°C

Performance 3 2 1
1000
TCR 3 2 2 900
Manufacturing cost 1 3 2 800 Max. load:
Application size 3 2 1 e
600 Low or Partial load: -
Total 10 9 6 (40% / 33%) -

Ic/lds [A]
g

8

Efficiency Improvement of SiC Devices

SiC devices offer lower on-resistance and faster
switching frequencies, leading to lower power .
losses. However, due to smaller chips, thermal .
losses per cm? increase L | Vesat/Vds [V] | P

8

8

17 Source: Future of SiC Power Modules in Automotive and Industrial Applications; Semikron/Danfoss; ISES Conference; Italy 2023

Copyright © 2024 by Transphorm, Inc. Subject to Transphorm Copyright Notice restrictions.



transphorm | GaN-on-Si Has Sufficient Heat Extraction

SiC MOSFET GaN HEMT
s
S G s STRET |-
] I p[pH] G .—ETI-[-- E i = -
® Dielectric

Buffer

SiC substrate
Silicon
D

NER) (R

lateral architecture = Good thermal dissipation: L/(KA)

Lateral device is ~2x larger than SiC vertical for same on resistance
Higher mobility, lower switching/crossover and output losses
Lower manufacturing costs — standard silicon manufacturing fabs

g



transphorm | Device Output Current vs. V., and Vg

SuperGaN outperforms SiC by 30% at low load, and 20% at maximum load

Low Load (GaN)
95% of the time

Low Load (SiC)

14

400

VCE(sat) and VDS [V]

Max Load (GaN)

Max Load (SiC)

10

Copyright © 2024 by Transphorm, Inc. Subject to Transphorm Copyright Notice restrictions.




transphorm | SuperGaN Technology In a 500 A Half-Bridge Module

[g KYOCERQ  Available in half-bridge module and B6 full bridge (OBC, Motor drives, EV charging....)
TAV/X
Specifications
* Nom. voltage: 470 V
* Max. breakdown voltage: 650 V
* Maximum current: 500 A
* Temperature: -40°C to 175°C

High power density

Switching frequency far beyond SiC
Ultra-low losses

High reliability at competitive costs
Stray inductance: 5nH

Clip bonding versus bond wires

15



transphorm | Higher Mobility, Less Stored Charge than SiC

Fecron conductivity=1.6 « 10°" « charge » mobility
(e /) T = SiC1 | GaN
S ] i a
50 - Si II_:E-[ Voltage Rating (V)| 650 650
Yo, |° [P+] G ":_I R,, (mQ)| 50 50
! FP
800 - | oo ® — 5 Q,(nC)| 63 16
n- SicC 1000 @ Dielectric QGD (nc) 20 5
IG
/AaNaNW QFR (nC) 252 120
2000 Sufor R (CC/W)| 0.9 1.0
SiC substrate .
Electron Material Cost| $$$ S
D Mobility Substrate
(cm?/Vs)
GaN HEM (dmOd) = Electron Densit
_ , SemEe - Lt y
in 2DEG
(undoped) Density = 1e13 ¢cm™
= | Mobility = 2000 cm2/Vs
16
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transphorm | Thermal Resistance and TCR at 175°C

TCR 1 30% 1 conduction losses; R, . T* ¥“50% {, heat spreading capabilities

SiC: Gen lll; 17 mQ; 118 A

R, 0.35 (typ.)
TCR: 1.4

Fig.16 Static Drain - Source On - State

Resistance vs. Junction Temperature

0.04
VGS: 18V

" Pulsed
)
@ ¢ 0.03 - — —
LS lp=79A
O 5 Ip=47A
© @ -
o o
§ - 0.02
w o -
2 Ip=-47A
£ S
®
5%
Lo 0.01
S
n

0.00

-50 0 50 100 150

Junction Temperature : T,; [°C]

200

~

17

dé Y
SiC: Gen IV; 13 mQ; 105 A
TCR: 2.0
Fig.14 Static Drain - Source On - State

Resistance vs. Virtual Junction
Temperature

0'05 VGS = 18V
o t, = 200pus
@
U.J § 0.04 ID = 89A
c
< s Ip = 58A

D =

8 2003 || °
3
® g | Ip = -58A
'
£ 8 0.02
T o0
Qg
o
S 001 o
) Iy increase

0.00

-50 0 50 100 150 200
Virtual Junction Temperature :
T, [°C]
\, J

7~

GaN: SuperGaN; 15 mQ; 100 A

R, c: 0.47 (typ.)
TCR: 2.0

'transphi:rm

]

Normalized Rpsion;

-

0 25 50 75 100 125 150 175

T,[°C]

Figure 4. Normalized On-resistance
Ip=30A, Vegs=12V

X
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Compaarlson

SuperGaN tr

18

Qg /gm

SiC MOSFET

Qo

nsconductance (gm) is

Wide Bandgap Technology

~ 5x higher than SiC

Ron Qg
4
Low SiC Gate Mobility
Results in high gate charge
- And_low gm
2
GaN
Cascode
GaN -
E-mode Roh Qrr
0
Ron Qg@ss
/gm L
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SuperGaN vs. SiC MOSFET: 50 kHz and 100

kHz

A 15% and 27% respectively decrease in power loss; 50 kHz and 100 kHz at full power (hard-switched HB)

[ . . . .
Hard-switched 240V : 400V Half Bridge (50 kHz) Hard-switched 240V : 400V Half Bridge (100 kHz)
99.5 16
- 99.3 30
99.4 14 992 28
— 99.1 % g
99.3 12 E 99 24 =
v 98.9 2 3
X 992 10 S 98.8 20 §
> gl|& 98.7 18 -
S 99.1 8 5|7 s 16 3
S — | g 985 1 &
& 9 6 S| & 94 n 2
O™ o3 0 O
98.9 4 o 98.2 8 ©
—— 650 V SuperGaN: TP65H035G4YS (2 98.1 . —— 650V SuperGaN: TP6SH035G4YS 5 £
98.8 - 2 .c
’/ 650 V $IC MOSFET (33mQ) 98 S —— 650V SiC MOSFET (33 mQ) 4
- = = Loss Difference [50 kHz _ -
98.7 [ ] 0 z;z - - - Loss Difference [100 kHz] - 2
0 1000 2000 3000 4000 5000 6000 ' 0
0 1000 2000 3000 4000 5000 6000
Input Power [W] Input Power [W]
\_ J \_ J

19
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transphorm | GaN: Less Expensive Manufacturing Process

GaN-on-Si + SuperGaN Platform Design = Lower cost materials + Higher Yields = Low Costs

é )
6-inch silicon carbide MOSFET": Relative cost comparison by value chain step ($ per wafer), 2022 Transphorm SuperGaN
" Margins M Yield loss Il Cost of process W Cost of Process  mYield Loss  iZtMargins
Nonintegrated device manufacturer Fully integrated device manufacturer

! Substrate
Substrate .: - -

Epitaxy? i
- Device
Device fabrication® | - Fabrication

Packaging + Test

Epitaxy

Module packaging

Cost Cost

ASP* (distributor) ASP

. )

All of our EV teams are ruthlessly focused on cost and EVs are 30% more to make than vehicles with

efficiency in our EV products because the ultimate combustion engines, boosting prices beyond what

competition is going to be the affordable Tesla and tl& the middle class can afford, TasaresiseihNT1S ,’-
B




SuperGaN vs. e-mode

g



transphorm | Normally-off GaN Platforms

4 )

S G D

| p-GaN|

aleEl

GaN 2DEG

Buffer

Grounded silicon substrate

@ Navitas [fjlinnoscience

(infineon_ nexperia
\. J

22

S
®
Si FET
:- -7 -l GaN HEMT
G o—-—| I
:_ !:__ : ® FP
@ Dielectric D
AlGaN
G-al\-l """" 2DEG "
Buffer
Substrate
transphorm  nexperia
T’DOWGI’ X3 Texas IS ,,OO
integrations INSTRUMENTS  ccinotocies
Direct drive Direct drive
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transphorm | Fundamental Advantages of D-Mode GaN

t h p-GaN Gate
ra nsp 3 rm www.transphormusa.com 80
Highest Performance, Highest Reliability GaN 70
60
@ 5o | Strong
= transconductance
E o | reduction over —~25(
= temperature ——50C
‘ ‘ S 30 ——100C
20 ——150C
10
0
0 1 2 3 4 5 6 7
| wameeareR -
Normally-0ff D-mode
150
140
= 130 25¢
The Fundamental - 120 150¢
, 110 |NO transconductance
Advantages of / __ 100 | reduction
. - - 2 9
D-Mode GaN in - E w
. . — 70
Cascode Configuration 2 6
p 50
A Brief Tutorial on the Inherent Benefits of \J >y L ' . % 40
Normally-Off D-Mode Versus E-Mode GaN 2 \ 30
20
10
0
0 2 b 6 8 10 12 |

Vas (Volts)
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Normally-Off D-mode GaN Innovates Like No

Other

Future-Proofed as Demonstrated by Innovation to Date

Short Circuit GaN
Opens up new markets in conventional
topologies

= Achieves what SiC, IGBTs can do but not
other GaN - Opens up complete Motor
Control and Traction Inverter

= Achieved on 650V (with Reliability Data),
technology applies to 1200V

*  Funded by #1 Servo/Robotics Co. (Yaskawa)

SCCL
GaN HEMT
(top view)
FP D
e o s
- SCCL

Idls (A} & Vdls (V)
g B 8

(=]

Time (us)

\

Four Quadrant (Bidirectional) GaN
Opens up marketsin next generation
charging and motor drives

= 1device vs. 2 and upto 50% smaller => 2-4x

die/cost reduction - Not possible with SiC
devices

= Demonstrated on 650V (with initial Reliability
Data)

* Onroadmap of Enphase and OBCin Europe
= Opens up AC-to-AC motor drives (HVAC etc)
=  Funded by ARPA-E

24

Tl
Gl .—I
G2 .—I A
LAY
T2 \
]
On-state Off-state
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% o 5] )
=
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m -2000 -1000 1000
g ) -10
-30
-t 2 Voltage
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a5 0 5 0 5 E )
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1200V GaN

Provides high-performance low-cost
challenge to SiC with low supply chain risk

= First extension of GaN Voltage node to
1200V with demonstrated competitive
switching performance vs. SiC

= Opens markets in grid solar, 800V battery
drive train, pole charging and other
industrial markets

1T 7-1 ..H..H' BEEST
e s SRy
R R
B oaininng
 ECEECEECEE R
s anesist
Em“ G. Gupta et al. ISPSD 2022
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m | Normally-Off D-mode GaN is Future Proof

SuperGaN vs. SiC
* Die size: Similar thermal resistance with larger die for additional thermal spreading

* Material challenges: Similar temperature coefficient of resistance based on SiC improved
channel

* Performance: Higher mobility enabled by the 2DEG; lower switching losses

* Cost: Manufacturing efficiencies (lower cost structure); without the material issues

* Law of economics

SuperGaN vs. e-mode

* Added complexity to manufacture and design in, reduced performance, jeopardized reliability

* Vertical integration allowing for continued innovation (1200 V, SCCL, FQS)

* Broad power spectrum customer adoption

i
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