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transphorm | Agenda

Introduction to GaN Application Space vis-a-vis other Power Technologies

Comparison of Transphorm GaN vs. Si, e-GaN and SiC
Applications of 650V GaN in 45W to 10+kW Power Levels

d.

Power range 45W to 65W — Adapters, LED Lighting

b. Power range 100W to 150W — Adapters, Computer Supplies
C.
d. Power range 2.2kW to 10+kW — PV, UPS, Server Power, EV

Power range 250W to 1kW — Computing, 2-wheeler (e-bikes, e-scooters)

Few Cases Studied — Inverter and 2-wheeler OBC
Benchmarking GaN vs. SiC and Si MOSFETSs in Select Topologies
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transphorm | GaN is Best-in-Class in Relevant Voltage Range

“Moore’s Law” for Power Electronics

GaN Provides the Path to Continue to Scale Power Densities

o™
C
5 -
} \6%1 Silicon is reaching its limits
] )
GaN vs. Silicon & Silicon Carbide
Intrinsic Performance Advantages HighefPower

* GaN offers higher efficiencies with lower losses in power conversion at the Density

relevant voltage range
* GaN can operate at much higher frequency than Si and SiC " 0

Relative Cost Advantages

* GaN on Silicon less expensive than Silicon Carbide Lower

System Cost
* GaN offers lower system cost than Silicon in many applications

* Roadmap for GaN to approach cost parity with Silicon at device-level
Smaller, Lighter, and Cooler Power

Systems Drives Increased Functional Value r



transphorm | Device Comparison — Silicon, GaN and SiC

Performance Criteria
Frequency, Efficiency, Power Density
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transphorm | GaN & SiC Companies & Key Markets

DC-DC supplies in Datacom,
Notebooks, Telecom, Automotive

AC-DC Adapters, Computing, 5G,
PV, Automotive, Motor Control

Automotive, Industrial, Motor
Control & Infrastructure

] 'Y Wolfspeed.

* Disclaimer: Some companies may have been missed; companies not shown in any order

: transph:
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17l Innoscience (Infineon i {UnitedSiC
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Technologies life.augmented
40V to 200V VOLTAGE | 400V to 750V » Up to 1700V
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transphorm | Competitive Landscape —TGAN FET, vs. Other GaN, SiC, Si

6

BROADEST RANGE OF POWER

“1C” GaN E-MODE GaN Transphorm GaN FET
Higher losses (Operating Temp)  Higher losses (Operating Temp) Superior performance — vs.
Only lower power offerings,no  Exposed GaN gate/input, nostd. To  ©ther GaN, SiCand Silicon
std. TO packages today packages today Best thermals — Robust Pkg
Poor switching control! Harder to design w/std. gate Easy to design and use with
Field reliability based on low drivers std. gate drivers
power? Field reliability based on low Most robust interface, Proven
JEDEC qualified, 650V only power, e-mode gate weaker? reliability in low/high power
Superior performance vs. Si JEDEC, AEC qualified, 650V only JEDEC + AEC-Q101 qualified,

Superior Performance vs. Si 650V | 900V | 1200V (R&D)

LTo provide additional device control, gate driver is sometimes removed making the “IC” a discrete solution
2Impact of OFF-state Gate Bias on Dynamic R,on of p-GaN Gate HEMT (33 ISPSD, 2021), Currently available reliability statements based on
lower power consumer applications for which failures are not typically reported.

Si MOSFET

Older technology

Higher losses, Low
power density

Market incumbent

&)

SiC FET/MOSFET

Higher Power/Voltage
Ramped in EV

Substrate cost high,
supply chain complex

High switching losses



transphorm

GaN
Transphorm offers breadth of 650V, 900V JEDEC/AEC-Q101 Qualified Products
New developments include 1200V and FQS Platforms

Development

|
| ‘
|
100 kw |
Shipping I
|

10kw

1kw

Power Level

100w

1ow

I wall Plug Fast/Other Servo Motor Consumer/ Electric Server, Mining | DC-DC Drivetrain
Adapter Charger Drive Computing 2/3 Wheelers TelecomPSU |  On-board Inverter
L Adapter PSU (gaming) UPS | Charger

45W to 10+ kW markets served by Transphorm

)



transphorm | Transphorm in Adapters & Chargers - 30W to 240W

30W

Ultra slim, light weight
(65 W)

=- : =_- *ny
L BN '! " B |

Compact Power Bar, Compact 100 W 2C-1A

65 W 1A-1C
- -

||./

Wall plug — high efficiency,
compact (35 W)

Quick Charge-5, USB C PD

New 65 W 2C-1A)

(100 W)

High-efficiency (65 W)

Compact 30 W Power Bar

— \
—— : -~
New 120 W 2C-2A-Axial
O
Compact USB-C
(65 W) New 65 W 2C-1A
(Phihong)

|

240W

Notebook — small size,
200 kHz (160 W)

2X Smaber!

& & -
Multi out 150 W
(2C-1A)
-
150W
-

Ultra compact 240 W

)



Shipping GaN into Kilowatt-class Power Supplies

transphorm
GaN Power for Data Center | Comms Infrastructure | Crypto-Mining Applications ‘

GaN Offers Substantial Systems Cost Savings within Data Centers

* 40% of total operational costs come from energy to power and cool server racks
®* GaN enables ~2x increase in power density, 98%+ efficiency
* GaN enables 80+ Titanium class efficiency certification in a simpler manner

“Titanium” Server Power Supply Solutions
(1.5 kW to 3.2 kW), Powered by TGAN

Smaller
> AC Line (208 Vac) to 400 Vdc to 48 Vdc
_’ Faster ® $103K saved / year(?
- /‘7 ® 397 tons reduced carbon footprint®
a Cooler

Regulation: The European Union’s Ecodesign Directive'®) on Jan

. . 1, 2023 increases efficiency and power factor requirements
Near- and Intermediate-Term Market Drivers == ¥ P 9

Crypto-Mining Demand - building systems requiring Titanium efficiency

) . Highly Efficient
* Power hungry process — consumes ~120 TWHTr, equivalent to small country®
* Power supply — component running 24/7 taking most stress in mining rig ) i T
. . - Hi Reliable
®* Transphorm solutions can enable up to 1% higher efficiency at 230V AC gnly
Notes:
1) Based on company estimates done for a 5SMW data center. 4) Cambridge University research | BBC News, “Bitcoin consumes 'more electricity than Argentina’”
9 2) Based on existing rectifiers with 92% efficiency | Source: EPA estimated one kWh produces 1.52 pounds of carbon dioxide (excl. line-losses). 5) tom’s Hardware, “Best Power Supply Units for Cryptocurrency Mining”

)

3) European Union’s Ecodesign Directive (Directive 2009/125/EC).



transphorm

Low Power

Standard Controllers
with integrated Driver

® On Semi, TI, NXP, ST

* Weltrend, Diodes

* Silanna, Infineon/Cypress

Driver

Simple to Drive GaN FET

Highest

Efficiency

10

High Performance, High Reliability in Multiple Packages

ﬁransph rm\

Low voltage
SiMOSFET

/

Qual.

Field Early Life

— JEDEC -
Reliability & Failure
> 85 B hours AEC-Q101 <0.07 FIT

Transphorm GaN Structure & Advantages
Highest Reliability, Simplest Driving, Higher efficiency & Easiest to Design

Hi Power

Standard Gate Driver
¢ Silicon Labs, MPS
* Analog Devices
®* ON Semiconductor
®* Texas Instruments

Volume

Production

45W to 5kW

)



transphorm

Transphorm 650 V Packaged Device Offerings

Widest GaN Package Offering in the Market

1 kW to 10
kW
A

30 W to 250 W

1 kW to 3 kW 150W to 1 kW

TO-247 TOLL D2ZPAK TO-220 PQFN56 PQFN88
50 mQ? 50 mQ?? 50 mQ 150 mQ 480 mQ 480 mQ
35 mQ? 35 mQ?3 70 mQ 240 mQ 240 mQ
15 mQ? 150 mQ 150 mQ

70 mQ

1JEDEC and Q101
22023 Q101
3Samples 10/E 2022

11

)



transphorm |Comparison of a TPH GaN-HEMT & SJ-MOSFET

Parameters Cool MOS GaN-HEMT
IPB65R150CFD TP65H150G4LSG
Vs 650V @ 25 °C 650V
(spike rating 800V)
_ Rps (25°C) 0.135/0.15 ohm 0.15/0.18 ohm
Static Rds (150°C) 0.351 ohm 0.307 ohm
Qg 86 nC 8 nC
Qgd 47 nC 2nC
Co(er) 50 pF 1] 43 pF [1]
Dynamic Cotr 512 pF (U 85 pF (1]
Qrr 700 nC [ 40 nC BBl
Rever§e trr 140 ns 12 31 ns [3]
Operation

[1] Vgs = OV, Vs = 0 — 480V
[2] Vps = 400V, Ios = 11.3A, di/dt = 100A/us
[3] Vps = 480V, I = 9A, di/dt = 450A/us

J\

Conduction Loss

Driving Loss

Switching Loss

Reverse
Recovery
Loss



transphorm | Transphorm GaN vs. SI-MOSFET Comparison

SuperGaN Technology Offers Ease of use & Reliability of Silicon with Higher Performance

Familiarity with Silicon

GaN Advantage

13

Drive Simplicity

(gate)

100% o~

9% ~

> /80%) = N
” 70% ~
e 60% ~ ilici i
Robustness -~ oo ~ Simplicity of Design

2 (packaging)

40%

30%

20%

Switching Performance

System Cost (mobility/velocity)

FOM Performance
(Ron*Qirr)

Silicon SuperGaN

)



transphorm | Transphorm GaN vs. e-mode Comparison

SuperGaN® Technology vs, e-mode GaN (Silicon as the Baseline), GaN IC uses e-mode

Gate Robustness
{LV Sllicon MOSFET)
200
".rh/ % -~
-~ % -~
-~ »ome g
% -~ Ease of Dasignability

-~
Proven Production Reliability . . (T0-220/T0-247 vs. SMD)

(45W to 4 kW w/> 808 hrs.) (thermally superior)

Transient and 3rd Quadrant |
(based on Vsd with Vige0/-3) ™

Ease of Driveabiity
" (Si Driver, 4 Vih, No Level Shift)

-~

Temperature Coeflicient Resistance
(TGAN/e-mode: 2.0/2.6 @ 150C)

s SlICON TPH GaN FET e-mode

14
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Super

- | Transphorm GaN Technology vs. SiC (650V)

Simpler, more Efficient, Lower-cost and Robust Solutions

Key Factors

Leadership in
Market Segment

Gate Biasing

Gate Driver - Power Requirement

Cost & Availability of Gate Drivers
Peak Efficiency

Speed of operation (frequency)
Added BoM components (cost)
Package (SMD/leaded/Module)
Reliability
Leakage Current (IDSS) at 175C
Reverse Conduction Voltage Losses

Total Cost

Transphorm GaN FET
(650V Class)

33W to 10kW

Simpler even compared to Si

1x (0.4A)
Up to 2A driver ok
High
Faster
Lowest
Both SMD & leaded
Comparable
30uA
1.8V

Lower (Si substrate)

SiC MOSFET and SiC CASCODE
(750V - 1500V)

5kW — 100kW

Complex due to aux power supply

Requires 20x more current (10A)

Costly due to high current requirement
Medium

Slower
High
Leaded and Module
150uA
4

Higher (SiC substrate)



Considerations for 45W to 350W Power Supplies

Mobile Devices, Notebooks, Gaming Consoles, Power Tools, LED
lighting, Medical Supplies

Variations of the Flyback and Two-stage Topologies

e



USB-C Adapters/Computer Supplies (70W to 360W)

transphorm , _
Topology choices have expanded, just over the past year
Vac —90V to 265V
PFC Boost Control
PFC Flyback Control
CCM Boost Control
CrM Boost Control Single PFC Dual OOP PFC

Standard TotemPol Flyback Control | | Flyback Control
&

QR/AC Flyback || Hybrid Flyback | | AC/Hybrid Flyback || Half-Bridge LLC

90w 360W 90w 150W
Pros: Smaller bulk cap and PFC O/P Cap Pros: Lower Cost, great for multi-output
Cons: Complex 2-stage design especially if multi-output Cons: Larger PFC O/P Cap if single output

v
, i



transphorm | Transphorm GaN & Topologies for Power Adapters

Platform

45W
65W

65W

100W

118W

140W

250W

330W

600W

Vout

1CPD 3.0
1CPD 3.0

2CPD 3.0

1CPD 3.0

1CPD 3.1

1CPD 3.1

Fixed

Fixed

Fixed

Topology

QRF
QRF or ACF

QRF or ACF

PFC + ACF or
PFC + QRF

PFC + ACF
PFC + ACF
PFC + HB-LLC
TTP PFC + HB-LLC

TTP PFC + HB-LLC

Transphorm GaN Offering

Rds(on) Package Driver
240mQ - 480mQ QFN5x6
240mQ QFN5x6

Internal Gate

240mQ QFN8x8 / 5x6 Driver of
Controller IC
150mQ

240mQ QFN8x8 / 5x6 or TO-220

150mQ - PFC

150mQ - ACE QFN8x8 or TO-220 Internal

150mQ - PFC

e T QFN8x8 or TO-220 Internal

150mQ - PFC

240mQ * 2 — HB LLC QFN8x8 or TO-220

Internal to
QFN8x8 or TO-220 Controller IC or
Low-cost External

150mQ * 2 - PFC
240mQ * 2 —HB LLC

150mQ * 2 - PFC

150mQ * 2 — HB LLC QFN8x8 or TO-220

T



transphorm | USB-C Adapters (<70W Considerations)

* Almost every power IC company has developed flyback controller ICs to
address this market
* Typical low-side flyback block diagram
* Primary side controller and synchronous rectification (SR)
e Simple and well understood implementation

» Controller architecture, sensing of valleys, timing differs and gives the competitive
advantage

W v ;‘ -—

)



transphem 30W-65W Adapter Block Diagram
(Using Quasi-resonant Flyback Topology)

Transformer
BV — N-MOS

| | G~ 1
L. e el —
[ EMI filter —i IC | ==
'«C/ & . - )] ¢ ¥

P o R R
— L i

-1 +—

i ; Controller
500mQ - 150mQ L
Rds(on) Typical E: .
| | Power Delivery
QR Flyback s _j'Controuer
Controller | | VCC AUX ' Feedback loop
ocP SCp Crouit | oCpP
OVP QTP ovpP
2 T ‘ TR — oTpP
FFe T

o)



transphorm | QR Flyback, ACF Designs from Transphorm

45W Single Board - QRF 65W Single Board - QRF

90 Vac @ 50 Hz 2.25A 92.53% 90 Vac @ 50 Hz 3.25A 93.04%

115 Vac @ 60 Hz 2.25A 93.90% 115 Vac @ 60 Hz 3.25A 94.04%

230 Vac @ 50 Hz 2.25A 93.78% | 230 Vac @ 50 Hz 3.25A 93.85%

265 Vac @ 50 Hz 2.25A 93.43% 265 Vac @ 50 Hz 3.25A 93.46%
E I e Density @ 24W/in3 Density B 25.4W/in3

65W Multiple Boards - QRF 65W Multiple Boards - ACF

90Vac @ 50 Hz  3.25A 92.21% 90Vac@50Hz  3.25A 93.05%
115Vac @ 60Hz  3.25A 93.14% 115Vac @ 60 Hz ~ 3.25A 94.06%
230Vac @50 Hz  3.25A 92.66% 230Vac@50Hz  3.25A 94.53%
265Vac @ 50 Hz  3.25A 92.36% 265Vac @ 50 Hz ~ 3.25A 94.36%

Density@ 29.8W/in3

Density B 32W/in3

21

Y



transphorm

Vine

Frimary Secondar
g
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vio ,,,_,,,H

B00T_C. SW GATE
L ICLAMP
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NC GND
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Most Integrated AC Flyback Controller
Improves efficiency, power density & EMI

Silanna — SZ1131

transph.rm & o Silanna

SZ1131 - Fully Integrated Active
Clamp Flyback (ACF) Controller

65W 1C ACF + GaN Reference Design

* 94.5% peak efficiency

* <25 mW no-load power

* 30 W/ inch3 (uncased) power density
= Full EMI compliant design

é CO: Smart Power

from Sharra Semconascor

34.5 mm

SZ1131

Best-in-Class Active Clamp Flyback Solutions
Silanna and Diodes Solutions deliver over 94% efficiency @ >30W/in?3

uss
Type-C*
Port

AP43771V 0.0

The dimension “2

ensio
the height of com

High-side PFET based AC Flyback
Controller, lowers cost &
complexity

25mm

niodes —

AP3306
AP3306 - Flexible Active Clamp

Flyback (ACF) Controller
65W 1C ACF + GaN Reference Design

94% peak efficiency

< 30mW non-load power

>31W/ inch3 (uncased) power density
Full EMI compliant design



transphorm | USB-C Adapters (>70W Considerations)

Several different power levels 75W to 250W, especially with the new USB-C 3.1
extended range protocol

IEC 61000-3-2 is mandatory (with exceptions)
Only a single stage topology such as QR or AC Flyback used in <75W cannot be applied

Two stage topology is most common as shown below — variations discussed later
GaN FET GaN FET

Y
. = .l ;hi:. ’ =
St w7 ]
T L[+ | ¥ T II™r
Detec = L8 conroter | ._"'.' .
PIC Coot roter ..‘l. -

A\

—

)
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transphorm

100W — Low-cost, High Efficiency Design
Using 150mQ & 240mQ TPH GaN — 16W/in?

Highlights:

e Qualified to Qualcomm QC-5 fast charge
standard

* CRM PFC Boost + QR Flyback Topology

e Passes conducted & Radiated EMI

* Can be modified for 1C + 1A or 2C...

* Turnkey design with case design

20Vout
—
— — — — 4 (
: —t—
— - ’
> o
< L
& <
o |
— f
T /
Il‘
{
& - y
Pout (W)

Excellent Efficiency vs. Line Voltage & Load
94% peak @ 265V & over 92% @ 90V

Proprietary and Confidential

)



transphorm | USB-C Adapters (90W to 150W Considerations)

Active-clamp flyback following the PFC stage is preferred up to 140W, eg. shown below

USB PD 3.1 pushes power to 140W and voltages to 28V max

Allows wider voltage range adjustment compared to half-bridge LLC, especially with USB3.1

This topology will be compared with an ultra-flexible digital control topology used in the Apple
140W USB-C adapter (source: www.chargerlab.com)

USB PD 3.1
Controller

AC Flyback . {
Controller IC -

https.//www.diodes.com/applications/ac-dc-chargers-and-adapters/quick-chargers/#accordion-second-item

)



transphorm

Diodes 140W 28V@5A Prototype Dimension:
=  W:55mm, L: 87mm, H:29mm (139 C.C.) — PCB only
= W:59mm, L: 91mm, H:33mm (177 C.C.) — with Case (+2mm each side)

Diodes+TPH solution uses Bridge, can use SR MOSFET to improve low input line Efficiency

MacBook PRO 140W using two SR MOSEFT in Bridge to improve low input line Efficiency

Vin Input Freq. Pin Vout lout Pout Pd Effi. Avg. Effi. Vin Input Freq. Pin Vout lout Pout Pd Effi. Avg. Effi.
(Vrms) (Hz) w) v) (A) w) w) (%) (%) (Vrms) (Hz) w) v) (A) w) w) (%) (%)
90Vac 60 154.21 28.74 5 143.69 10.525 93.17% 90Vac 60 149.15 2199 5 139.94 9.210 93.83%

15242 2869 5.000 14347 8955 94.12% 148.10 219 5.000 139.94 8.160 94.49%
113.30 2840 3.750 106.51 6.789 94.01% 111.15 2802 3.750 105.07 6,083 94.53%
115 Vac 60 9331% 115 Vac 60 93.66%
75.56 2821 2.500 70.52 5.046 93.32% T4.55 2805 2.500 70.12 4427 94.06%
3823 2808 1.250 35.10 3.134 91.80% 3834 2808 1.250 3510 3.241 91.55%
150.89 2875 5.000 143.75 7.145 95.26% 147.14 219 5.000 139.96 7.185 95.12%
11224 2849 3750 106.84 5403 95.19% 11083 2802 3750 105.09 5.744 94.82%
230 Vac 50 M4.27% 230 Vac S0 93.47%
75.03 2827 2.500 70.69 4343 94.21% 74.80 2805 2.500 70.14 4.665 93.76%
3794 2805 1.250 3506 2881 R241% 3892 2808 1.250 35.10 3816 90.19%
264 60 150.09 28.64 S 143,18 6915 95.39% 264Vac S0 147.32 219 5 139.95 7370 95.00%
26

Transphorm 140W USB-PD 3.1 Design Performance



transph.rm | Computer, Display Power Supplies & LED Drivers

* For >150W (or even lower levels) up to 1kW (or higher), power factor correction
followed by a half-bridge resonant topology is implemented

* Advantages of LLC resonant topology include:
» ZVS, which produces high efficiency and allows shrinking transformer
 Limits dv/dt and di/dt, which reduces ringing, spikes and radiated EMI problems

An AC-DC Boost Converrer with PFC A Halt-Bridge-Type LLC Resonant Converter

_______________________ —
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transphorm
P Works with any controller with Si Gate Drivers

* Vin=90-265Vac, Vo =24V, Po = 250W

* Switching frequency: 133kHz(PFC), 172-180kHz(LLC)

* Board dimensions: 110mm*60mm*25mm (4.3” x 2.35” x 1”)

* High Power density: 24.8W/in3— significantly higher than silicon
* Over 96% total system peak efficiency at 230V AC input

250W Solution & d-GaN Drive Considerations

Dofr1 Rorr1

O O ¥e) Q Ve ol -
r D o N LN o o
-
>

v ~

Efficiency

MPS P6548
2227

o0zze
€ 8TI61d
SdW

-
- /l‘

FB1 [ fCascode
H =" eb | 4-GaN
Re1 ¥
Dosr2 RoFr2 a2 [
L ‘ IC.S ode| ©
5 oy Cascode [ O
Jd-GaN |
~ 61% 98.1%
95/ 7% - g an

1000

1500 2000

Cutput Power (W)

k-3

230Vin  —@—90Vin

~ 95 6%

2500
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transphorm | Notes & Results for a Half-Bridge LLC using GaN

Vds - 500V

Keeps stress on the bridge switches below 500V, compared to QR flyback and ACF
flyback, thus making it is ideal for GaN

Achieves ZVS switching, which begs the question, why is GaN preferred over Super
Junction MOSFETs

Both efficiency and size can be optimized by taking advantage of the superior reverse
recovery Qrr and Coss of the GaN devices

Tek Stop 155 resonant enery i,
\ /
/ \ /
(a) (b) ,
« ChlFreq V -
(23 ¥ 192.2kH2 ' 1se the resonant energy(
—— | '— ] ' —_—— = Reduce the magnetizing inductance
o \ ———— J
\
\ /
\ / /
(c) (d)
T —— ' — —f
chi 100V @ 2.00A +~M2.00us A Ch2 S 640mA i

)



transphorm | GaN Totem Pole Bridgeless Boost PFC Notes

.'_]‘_ X -_]‘__ 1 o | < ih

(a) () {c)
https://www.transphormusa.com/en/document/tdttp2500p100-kit-user-quide/

* Q1 & Q2 are two fast switching GaN FETs, operating at high PWM frequency
 S1& S2 are low resistance MOSFETs operating at a slower line frequency

* The GaN Devices form a synchronous boost converter with one device acting as master to
allow energy intake from the inductor and another to release energy to the DC output

* The roles of the GaN devices interchanges when AC polarity reverses

* Low Qrr of GaN and body diode of D-mode Cascode devices allows for CCM operation and
avoids abnormal spikes, instability and high losses of Silicon MOSFETs.

)



transph-rm | Totem Pole Bridgeless AC-DC PFC converter
[ e [/%

A 4

AY
/1

' N
_I_ e N TR
= e 10 A/div \J —

Reverse Recovery Performance }

=  Why Q1, Q2 must be GaN instead of SJ FETs?

Because for CCM(continuous current mode) PFC,
Q1 and Q2 will be hard switched turn-on, the Qrr
related loss is huge for Si-MOSFET.

The Qrr in GaN HEMT is 20 times smaller than the

state-of-the-art Si-MOSFETSs, leading to much less
power losses. IPW60R040C7 40 m{2 9200 nC ( 70

IPW60R031CFD7 31 m{ 960nC  5.67

TP65H035G4WS 35 mQ 150 Nc

)



transph-rm | 330W Platform using Totempole PFC

Power Density ~ 23.11W/in3 (L=120mm, W=78mm, H=25mm);)
1) Small form-factor

2) Totem-Pole PFC and HB-LLC Topology

3) Over 96.5% peak efficiency

4) Improves efficiency at 90Vac by >1.5%

32

0.98
0.97
0.96

095 +
094 |

& 093

£ 092 |
091 |
090 |

0.89
0.88

0.980
0.970
0.960
0.950
g 0.940
£ 0930
& 0920
0.910
0.900
0.890
0.880

90Vac Eff. VS Load

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%
Full Load 330W

264Vac Eff. VS Load

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

Full Load 330W

)



Solutions for 600W to 6.6kW Applications

Servers, LED lighting, Telecom, EV 2/3 Wheelers, UPS
Variations of the PFC and Bridge Topologies

=



transph-rm | Powering Electric 2/3W, Servers and LED Lighting
Electric 2/3W Power Architecture Datacom Server Power Architecture
@Eﬁd __________________________________ g | fcroc K Dicﬁc 12V [Loads
; -.u ] Electrical Pml:;r'l ypical Electric Vehicles l&uEH PFC | “i‘w }"g Lnic.n%c ::w E%z.g
< g @ [I-:I:a.c‘::::ic & ® ........ PSU * n I VR L"::;ng
= _I_ AC | i Public |
g al® T |oc \\|! i | rone 12v 1av L°q“-'-,
i N y|jocoe ‘peoc) sV I" uirin|
a1 4 & o= e
’:'I':::S:ET _-: :-, EVB . ‘ @ j ..° PSU ; l _1,@_' ;o“?:‘i)v'i'nﬂ
0 . et g = [VA || volages
High Power LED Lighting — High Bay & Horticulture PFC ZVS Bridge
: : AC-DC DC-DC
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= -0-E
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transphorm | Strategies for Power Factor Correction

35

Standard Boost

CRM Interleaved

Synchronous Boost

Hard switching

Transition mode (soft switching)

Hard Switching (no diodes)

1 choke

2 chokes, FETs and diodes

1 choke

Requires SiC diode

Can use low-cost low Vf Si diodes

Uses hi-side syncFET as diode

Lower Efficiency

Higher Efficiency

Higher Efficiency

Lower Switching Frequency

Highest Switching Frequency

Higher Switching Frequency

Higher Output Ripple Current

Lower Output Ripple Current

Higher Output Ripple Current
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transphorm

GaN Value Demonstration vs. Super Junction FETs

® 3.3kW power supply

® Competition: Superjunction (silicon)

® Result: Higher efficiency, lower BOM cost

® Reduction in part count, magnetics, EMI filter

.-

Active Bridge Interleaved PFC sic piode

\
/1

Totem Pole Bridgeless
PFC ‘ 1 +0
GaN FET | o} |silFeT

- —
Pl )

Si FET
GaN FET | J53 [sirer
Lo S AEE: S
Parameter Results Interleaved PFC Bridgeless Totem Pole PFC
Efficiency 98.5% 98.7%
Total cost 100% 60% , 2

Proprietary and Confidential I



transph.rm ‘Cost and Performance Comparison (PFC)

: 'Ilf,'.: .

. 15
ol 0

) ‘:.’ < .A P e
..‘n["’: B :‘

Interiesve PFC with Bric
PFC Components m :
- ]
Component Quantity Component Quantity

MU 0 0 0
Controd IC 1 0 0
Ds# 0 1 1
SC Diode 2 0 0
MOSFET Bridge (active) - 2 0
MOSFET PFC < 0 0
GaN FETs 0 2 2
PFC Boost Inductor 2 1 1
Current sense device 2 0 0
Current sensing 0 1 1
OP Amp 1 1 1
Gate driver PIC 2 1 1

P 1 0

dential ::



transphorm

Efficiency (%)

GaN vs. SuperJunction MOSFETs
(TPH 50mOhm vs. IPW65R041)

100 -

91

90

Half bridge boost converter, sync-rec, 240V:400V

A

99 -

100
GaN|100/200/300kHz |
ggj—% - 90

98 -

97 -

V. i ; - —0— 80
/ | ‘ af
— 70
X W T~ :
b&’ I,i . C 60
B L e ;

96 -
95 -

oo.-.o‘f': "6‘ / :50
’ e )

94 -

Loss (W)

93 -

92 -

e 20

" / :
oo
e

- 10
GaN 10P/ ZOOZ300kH i

N

500 1000 1500 2000 2500 3000 3500

----------------------- —— 0 2 device on 1 heat sink: R;,=1.27 C/W.

Inductor: L=268uH dcr=20mohm
Output Power (W)

® CFD Si CoolMOS IPW65R041 and GaN TPH 50mOhm used

® Peak Efficiency at 100kHz: Si: 96.9% vs. GaN 99.1%

® Converter Loss at 2kW: Si 65W vs. GaN 18W (device loss: 60W vs. 13W)
* Si devices reach Tj of 150 °C at 2.4kW, cannot deliver 3.3kW at 100kHz

)



GaN vs. SIC MOSFET Comparison

transphorm , S

GaN wins at 100 kHz: up to 20% reduction in power loss 3 kW to 7.2 kW
Half Bridge Synchronous Boost Converter
Specification GaNFET  SiC

On resistance @ 25°C - 3B/m0 30 m0

Input Voitage (V) 240 240 ;

Operating Frequency (kHz) 100 100 |

Gato crive vorage | 0112V 018V

Gate drive resistor 0O on

Comparable Rysoy devices at 25°C

Proprietary and Confidential i



GaN vs. SiC at Various PWMs

transphorm _ e , o
Able to drive > 40% faster Switching and Achieve Similar Performance
mGaN@70kHz : SiC@40l.(~Hz GaN@100kHz : SIC@70kHz
el / \ e ) ./‘ 2 —;\‘\ 0
"5 200 P ’l K\"\L, - 200
3 z 7 z
= =l 158 g 5 . 1% g

Pour (W) Pous (W)

12 kW: V,:240 V, Vyyr: 400 V Half-bridge Synchronous Converter

* GaN at 70kHz matches SiC at 40kHz at high power levels (75% higher frequency)
» GaN at 100kHz exceeds SiC at 70kHz at high power levels (43% higher frequency)

o

0 Proprietary and Confidential i



transphorm

GaN vs. SiC Cascode FET

GaN shows up to 30% reduction in power loss at 9.2 kW

uwmm

Specification GaN FET SiC To/T,#126/165°C
On resistance @ 25°C 15.m0 18 m0
Input Voltage (V) 240 240 TJ/T,=101/139°C
Output Voltage (V) 400 400
Operating Frequency (kMz) 70 70
Gate drive voltage D12V Qw1isv .
Gate drive resistor 150 ws0 0

Device Power Loss Comparison at *9.2 kW
(*Limited due to SiC device junction temperature)

o

Proprietary and Confidential i



transphorm | Strategies for Bridge Controllers in DC-DC

300W-2.2kW
LLCEM'

o PFC
Filter

600W-6.6kW PSFB d

2
N Wfrlmary
"n o Vn;‘ ) V . 7 V ) :

AC_In E.Ml PFC
Filter

Primary Secondary

Dal
o e

¥

Half-bridge LLC

Highest efficiency, resonant & ZVS
Can be paralleled to do multiphase

Another variant is resonant full-bridge

Relatively Fixed O/P with fixed duty ratio

Phase-shifted Full-Bridge

*  Works for wider O/P voltages

* High efficiency, due to natural ZVS

* Soft-switching at higher loads but hard
switching at low loads

* Perfect for GaN!

(L)

A
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transphorm

Basic building block to using GaN

Half Bridge & Full Bridge Topologies

O p
GaN FET
—
H—fmn—o
GaN FET
—
O “——

Hard Switched Standard Half Bridge

O

FOM
Ron * Qgg

*
Ron * Qg

O
5

—
Bridgeless Totem-pole PFC (hard switched)

* Half-bridge requires reverse conduction
* |GBT has no reverse conduction capability, hence needs external parallel diode
* Si MOSFET has internal body diode but has high Qrr
* GaN FETs can reverse conduct and has low Qrr: Enables diode-free H bridge

GaN allows higher performance

iR

Lo

s

=

GaN FET

GaN FET

GaN FET

15

=

GaN FET

5

O
O
FOM
Ron * Qs
Bi-directional
Adv

’

.

GaN FET

i

Isolated Phase Shifted Full Bridge (PSFB)

O—

00000

Half Bridge (LLC)

)



High Voltage DC-DC Output Converter

transphorm
phs (Rdson Max for Each Topology)
Topology
(By Wattage) Pros Cons
Resonant Half Bridge LLC 2V Switching . N?r;ow input and out.put voltage range
(300W to 2.2kW) Fe_wer P'ox‘ﬂer Devices (2) Higher stress on_ passive cgmponents
High Efficiency Standby power is challenging
ZV Switching 4 Power Devices
Highest Power Density
Phasz g(r;\iltlt ed i;::\:ﬂdge Lower Stress on Passive components
( to ) Wider input and output voltage range
High Efficiency
ZV Switching 4 Power Devices
Resonant Full Bridge LLC Higher Power Density than Resonant Narrow input and output voltage range
(600W to 10kwW) Half Bridge Higher stress on passive components
High Efficiency Standby power is challenging
Rdson (mQ) Max. Half Bridge LLC Max Full Bridge LLC Phase-Shifted Full Bridge Representative Part Number
Power Max Power Max Power from Transphorm*
240 250W 500W 600W TP65H300xxx
150 400W 800W 900W TP65H150xxx
70 800W 1,600W 1,800W TP65HO070xxx
50 1,200W 2,400W 2,500W TP65H050xxx
35 2,000W 4,400W 5,000W TP65H035xxx
15 4,000W 8,000W 9,000W TP65H015xxx
* GaN devices from various manufacturers are available as well o

44 Proprietary and Confidential i



transph-rm | Half-Bridge (Hard-switching & Soft-switching LLC)

HVDC— HVDCc—o>———
Q1
— L1 Q1
- AL V t
-t - c1 = Yo Hi=t
T1
IS,
| re— L1 n
= C2 IS
Q2 |Q3 B!y < Vout
N - Q4 C
4
e [ - =¥ Q2 |Q3 = C1
— = C2 _J —JE}
J7 A <
e Pros

o Fewer power devices

o ZV Switching
e (Cons

O Higher Efficiency
O Higher current stress on power devices

O Higher losses from hard switching

O Limited Voltage range, fixed 50% duty
o Voltage Mode control

Requires power passive components
Higher Current stress on power devices

e



transph-rm | FuUll-Bridge (Phase-shifted & Resonant LLC)

HVDC— HVDC—
Q7 | |, @8 Ql | | @
=t el A2, < Vout i el AL < Vout
13 ] m
fle— = C4 e = C1
Q@ Q10 | Q3 Q4 |
I T I
Q11 | Q12 * - Qs | |, Q6 A -
ISt el It el
e Pros * Pros
o ZV Switching o ZV Switching
O Higher efficiency & power density O Higher Efficiency than HB with half the
O Lower stress on passives current stress
o Wider input and output voltage range * Cons
e Cons O 4 switches
O 4 switches O Limited input / output voltage range
O Higher stress on passives

-



transphorm | Design Example of a PSFB DC-DC Converter
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10.83 A
Ly = 2.7uH
€ GaN offers over 40% shorter dead time than Si-MOSFET to charge/discharge Qoss

€ GaN offers over 40% lower inductance current than Si-MOSFET to achieve ZVS

6.43 A

1,(2VS)

4
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Topology for Uninterruptible Power Systems (UPS)

e



High Level Block Diagram of Standard UPS

transph.rm , _
P Used in Computer, Networking, Energy Management | et Value
Optional DC/AC Output voltage (max) 120 Vac
et DC/DC Inverter Efficiency (peak) 93.3%
! - ' Power density 2.5x higher (2U->1U)

>

¢ Output

" il ’ . D] |¢
“ b y 120/208/240V
Input / High freq ; e 50/60 Hz
120v208/240V J | DC/DC isolation VoL .
SO/60 Mz ‘ | - Low Frcq

Transformer*

Batt /Super ..l | ;
- v
we *Not required if high freq isolation in DC/DC

 DC/AC Inverters are crucial to on-line (depicted) and off-line UPS systems

* Most work as Voltage Source Inverters (VSI) with input PFC

* Most standard UPS systems use a Battery Back-up; Ultra capacitor or
super capacitor driven inverters used for very short power backups

e



transph-rm | AC-DC PFC Converter Options (revisted)

¢ | &}

P

AY!
/1

Topology

Efficiency (high line)
Power level
Issue
Components Count
Cost

AY|
/1

A 4

Diode Bridge Boost PFC

98.2%
Mid
High Power Loss
Mid
Low

R .
é LA 1
_E} =~ T
&} £} &}
CRM Bridgeless Totem Pole
MOSFET Bridge Boost PFC PFC
Single Leg Interleaved
98.6% 99 % >99%
Mid to High Low Mid to High
Low Surge Tolerance High EMI Complex Ctrl
Very High Low High
High Moderate High

>99.2%
Mid to Very High

Low
Moderate

CCM Bridgeless Totem
Pole PFC

v
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transphorm

f__-—‘-__L—__1

TMS320F280049
Microcontroller

Controller

Hi/Lo
'l oate Yo 0 g i oM
driver E ‘

}lés
-3

- ! ‘ el Ire 0
| driver E
I JI— } T~ l

Inverter Implementation using a DSP

Already reviewed the operation of the PFC section

A typical single-phase inverter consists of a full bridge inverter and an
output filter.

Goal of the controller is to maintain the output voltage constant,
irrespective of the line and load disruptions.

LC filters are commonly used as output filter

Single Phase(1PH) Inverter
Vin = 0Vdc - 400Vdc,
Vout = Vdc/V2 Vrms 60/50Hz
Pmax = 3500W
Switching frequency = 50 kHz (programmable in firmware)

Voltage Source Inverter (VSI) for standalone operation with output
voltage control

Control law is implemented using an inner current loop and an outer
voltage loop

Proportional resonant controller is used for voltage loop to zero out the
tracking error for the selected output AC frequency

e



transphorm | UPS Efficiency Signature from PFC & Inverter

Efficiency (%)

99.5
S9
& 602
«* = 88.5
v —
I AN 2 g
A - >
T e o 2
L ®T e 2 L o8
o 8 &
.'.-'0‘"". w
97.5
0 o
Output Power (W) 0
—— GOV -eMfiCienCY 260V-eficiency
e ethe e SOV-Jo5S v oe e 260V 055

1000

50
45
40
35
30
25
20

15
Eff Puess (SORHZ] 10
e Cff ® o ® ®Pyss (100kH2)

0
1500 2000 2500 3000 3500

Output Power (W)

Loss (W)

https://www.transphormusa.com/en/evaluation-kit/tdttp4000w066c-

kit/

e Excellent full-load and peak efficiency

* High frequency, hard switching operation with GaN

https://www.transphormusa.com/en/evaluation-kit/tdinv3000w050-kit/
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transphorm |GaN Solutions for EV Applications
(Best Option for up to 650V)

53

GaN Solutions for
Today’s EV Challenges

L o

* Possibly cuts total power-stage losses ~ 20%
vs. SiC

* Up to ~40% OBC weight/volume savings vs. Si
* Range extension and design freedom

* Applicable to OBC, DC to DC, and DC to AC
(non-drive) - Today
* Future Possibility:

* Fast-charging support for AC Charging Pole (Level | &
11) and fast DC charging (50+ kW)

* Inverter power density 25kW/L (today) to > 75kW/L
(future)4>, 50 => 150 kW Power

DC-AC Aux Inverter \/

DC-DC Aux.
Power Module

DC-AC Auxiliary Inverter
(1.5 kW — 2 kW)

DC-DC Aux. Power Module (APM)
(1 kW =7 kW)

EV Applications

AC Charging Pole

On Board Charger
(oBC)

EV Powertrain

AC-DC On Board Charger
(OBC)
(3.3 kW- 11 kW)

Future of Electric Vehicles

* 300+ mile Battery-Powered Electric Vehicles

* OBC: 2kW to 8kW; 80% within 15 mins

* DCto DC3 kW to 5 kW

¢ ~$250 savings per inverter(?)

* Life expectancy 150K to 300K miles by 2025(2)

* Cost < 3 years gas savings®?

)



AC to DC Stage: 7- and 11-kW Onboard Charger Examples

transphorm : : ,
Input: 230Vac : Output: 400 Vdc : Power: 7 and 11 kW (single device solutions)
. Case Study
g Input: 230 Vac : Output: 400 V : Output: 7 kW : Freq(sw.): 55 kHz
—E} Single Phase Bridgeless Totem-pole PFC using TP65H015G5WS

’ .
é — 1Q1, iz::z:‘tg: Switching Total Losson  Total Loss on
IQ2(RMS) Loss on Q1 Q1 Q1, Q2

(100°C)
_E} _E} 25.4 A 15.4 W 9.96 W* 254 W 50.8 W
/_ . Case Study
,. }3 Input: 230 Vac : Output: 400 V : Output: 11 kW : Freq(sw.): 55 kHz
—E} —fb——* Single Phase Interleaved Bridgeless Totem-pole PFC using TP65H015G4WS
% ) .
5 AAAA A 1Q1, f_z:sdz;tg: Switching Total Loss on  Total Loss on
™
IQ2(RMS) (100°C) Loss on Q1 Ql Q1l, Q2
_R¥_ Kt _R 19.9 A 9.53 W 9.57 W 19.1W 38.2 W
Absolute maximum power loss rating for TO-247 is 25-30 W

)
{



DC to DC Stage: 7 kW Uni-directional Onboard Charger
Input: 400 Vdc : Output: 240 to 480Vdc : Output: 7ZkW

transphorm

DC to DC Power Stage: PSFB DC to DC Power Stage: PSFB
| * Project:
. ‘[ . . '”' * Input: 400 Vdc Output: 240 to 480 Vdc
1 —[ ] ] } * Topology:
. ‘ s * Phase Shifted Full Bridge
Phase Shift Full Bridge * DEViCE(S):

* TP65H035G4WSQA/QSQA

Key Points of the Full Bridge PSFB Conﬂguratlon:
Suitable for high power application > 1 kW e 7 kW: Single Phase (TP65H035G4WSQA)
Wide conversion range with high efficiency
ZVS operation at high power
Hard switching at low power — advantage GaN
Runs at a constant frequency
Easy to parallel stages for higher power
Synchronous rect. Easy due to constant frequency

55
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transphorm ‘ 6.6 kW CLLLC Bi-directional Resonant Converter

TP90HO50WS GaN FET Offers Higher Performance and Flatter Profile vs. C3M0030090K SiC MOSFET

forange (KHZ) | 300-700 _@ _1# _@? E'g;
. o nom (KH2) 500 AR, L
. 4
900V: GaN vs. SiC Viwrange(V) | 380-600 =t L Oue “3 §| Ovou e 3R
Cree Transphorm v V 280 _450 ‘ C,,I nn, cl ‘
OUT range ( ) - - ' -
Properties | C3MOO30090K | TPOOHOSOWS _I..} _]..? _I..}
(SiC) (GaN Cascode) Pout max (kW) 6.6 i L - - ~ _E "
Maximum Ves (V) 900 00 - i — ——
Package TO 2474 YO 2473
Maxamum Vas (V) -8/+19 +20 o8.000%
( Typ. Roson @ % 50 h 97.000% — , € GaN :m
25°C (mQ) $6.000% 96.000%
TYP. Roser @ e 108 #5.000% 95.000%
\__150°C (m0) J g”m ¥ s000%
Input Capac- 21.000% il ”nm
tance Cu @ Vos 1747 1000 gnm ¢, g 200 92 000%
600 V (pF) é $1.000% ...c..;‘ 91.000%
Output Capaci- 90.000% 90.000% ,
e 5 g _ e - GaN, Rg 200 g ‘ o GaN, g 200
€00 V (pF) £8.000% ' $8.000%
Reverse Transfer §2.000% Ion
Capacitance Cuss 8 35 e £5.000%
@ Vos 600 V (pF) ::x B4.000%
Diode Vo (V) 4B@175A 22@22A 0% 1 1S 2 25 3 35 4 as s 05 1 1S 2 25 3 A5 4 45 S
545 - Load (kW) Loed (kW)
Reverse Recov- | (35 A €00V, 22 A 600 V
OO0 | A0 | e 1000 A Fs: 500 kHz, Vout: 400 V Fs: 638 kHz, Vout: 400 V
Ty RacCCW) | 062 105 Result: 0.5-1% or 25 to 50 W lower Result: 1% or 50 W lower

Table 2 Semuconducions used in ths work

56 Source: PCIM: A comparison among wide bandgap devices using a CLLLC bi-directional resonant converter 7]{



transphorm | Summary

 Different applications at power levels addressed by GaN have been
discussed

* Applications range from 45W to 10kW
* Approaches and topologies for different applications discussed

e Performance of GaN is compared and contrasted with Si and SiC power
devices

* GaN improves efficiency and power density which is driving adoption of
GaN in the addressable applications

)
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transph

rm | USB-C Adapters — The Volume Driver for GaN-on-Si

* Fastest Adopter of GaN-on-Si products
* Almost every mobile phone, notebook and accessory adapter maker has
announced products and/or plans for replacing power MOSFETs with GaN
* Power Levels
* 33W to 140W

 65W adapter most popular, but penetration growing in lower and higher wattages
as well

* Topologies < 70W (no Power Factor Correction requirement)
e Quasi-resonant flyback most popular, followed by active-clamp flyback
* Frequencies still <300kHz for mainstream to mitigate EMI issues

* Topologies > 70W (Power Factor > 0.9 required, with exceptions)

* Two-stage or three-stage topologies required due to Boost PFC in the front-end
* QR Flyback, AC Flyback, Hybrid Flyback or Bridge topologies are deployed

* External power supplies; category has non USB-C supplies as well

)



transphorm | Transphorm High Power Applications Examples

Over 50 design wins in high power markets, shipping to major customers WW

“Transphorm’s GaN in | “Ease of drivability
a totem-pole PFC | and designability—
configuration proved - does not

the most reliable, . require custom
highest performing drivers. Proven
solution possible reliability— JEDEC

%be POWER tOday,” and AEC'Q101”

“The Corsair
AX1600i is

the best PSU that
money can buy

today, period.”
tom'sHARDWARE

PACORSAIR

PROTECTION

“Based largely on the “We're GaN benefitof =
power expanding the low switching
semiconductors’ reach of loss, 15t gaming
proven quality and medical care, psu with GaN in |
reliability as well as and ASUS

the team’s reputation Transphorm’s
for successful GaN is helping

coIIaboration,”@TDI( us do it’
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transph-rm | Power Levels, Applications and Topologies, for 650V GaN

Dominant Topologies

Power Level Typical Applications

<65W Power adapters, USB PD Type-C, LED
Lighting

75W to 150W Adapters, Computer, TV, Appliances, LED
Lighting

150W to 600W Gaming consoles, Computer, TV, Servers,
Appliances, eBikes, UPS, High Bay
Lighting

>750W to 1.5kW Computing, Electric 2-3 wheeler OBC,

UPS, Residential MPPT & Inverters

>1.5kW to 10+kW Computing, 5G, EV OBC & LBC, UPS,
Industrial scale MPPT & Inverters

QRF, ACF, SSR, PFC Flyback, PFC Buck, PFC
Boost

PFC Boost + QRF or ACF, PFC Flyback, Dual
OOP PFC FB, PFC + Forward, PFC + HB-LLC

PFC Boost + DC-DC, Totempole PFC + DC-
DC, Inverters

Sync PFC Boost + HB-LLC, BL or Totempole
PFC, HB/FB-LLC, PSFB, Inverters

BL PFC/TTP PFC, PSFB, HB/FB-LLC, Multi-
phase HB-LLC Inverters

Y



transphorm | Conventional RCD Snubber in QR Flyback

3

AEE L

—53 GaNorSJFET

Flyback Converter With RCD Snubber
O Transformer leakage energy is wasted as heat
O Power loss in snubber increases at higher sw. frequencies

Ven
- Psn T2 le Ip Ven—n.Vour fsw

Q For Ven= 2.0 Voue, Pon = Li- 13- fow

High voltage spike and ringing at primary FET drain
energy is wasted as heat

contributes to EMI

need proper design to avoid exceeding rating

QR valley around or above 200V
switching losses can be mitigated with other approaches

higher EMI due to larger switching voltage

Specialized ICs with precise valley switching required to attain >92% efficiency

Y
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transph-rm | Active-Clamp Flyback Improves Performance

Vm O A / | .
RCD : :
—— — —;n—hx —_—
L - M\ o= S 1
™ \ '||' . | \ // |
\ , Active Clamp |
" \ l’ ‘ ' \\ ' / |
|\ T ————— [ momooooooooooee T | 2
\ AN
. ; i
. i - | Lo o NI
AV : . >

@ Active clamp operation
Peak voltage is reduced, more aggressive transformer turns ratio is possible, lower SR FET voltage rating

Recycles leakage energy, higher efficiency

Soft switching of active clamp FET, lower EMI
Higher
2’ Active Clamp @ QR valley is well below 200V ( near ZVS of main switch ) efficiency
and lower
EMI

Higher efficiency due to lower switching losses
Lower EMI due to smaller switching voltage

)



transphorm | Voltage Stress Considerations in 2-stage topologies

* PFC Boost Output voltage ~ 400V to 410V (accounting for duty cycle) on top of Vrms

* Proper transformer design and topology need to be considered to allow for headroom
on the BVDSS of the GaN devices

\

PFC Boost PFC Boost
Con':Fr:IIer +OOS Con':::llerw +OOS
l QR Flyback l AC Flyback

(; 3 RCD (- ) HV Si PMOS
Snubber HS || )| estaeeenere SSR j >
QRF i ACF Driver s
Driver
Controller Controller LS
GaN FET s - -
- /) _ 4 Controller

Y
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transphorm | Totem Pole Bridgeless PFC — Highest Efficiency

<Vboost

GaN
. Q1 Q2 ~
el =
AC L= LR
AC No&>——
GaN
g Q3 Q4 B
el =

Q1 & Q3 switch at the line rate
conducting on alternate half cycles

* Q2 & Q4 switch at high frequency and
C1 alternate between the main switch

and SR boost diode depending on the
phase of the AC line.

* Requires high and low side drivers

* Only 1 boost inductor needed

)



