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POWER CONVERSION SOLUTIONS

« Power electronics applications is still dominated by Si technologies, but we are seeing SiC and GaN competing for
applications mainly in the medium and high voltage applications.
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POWER TRANSISTOR DESIGNS AND LIMITATIONS

_ Si Power MOSFET
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TECHNICAL COMPARISON - SI VS SIC VS GAN

Theoretical limits define by materials properties
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GAN DEVICE INTEGRATION
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GAN POWER DEVICES MARKET
Long term evolution
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FAST CHARGERS: GaN VS. Silicon
Faster, more power, smaller, lighter and lower cost

The trend is towards smartphones with a bigger screen and larger battery capacity. Fast charging is becoming a must-have technology. GaN offers
numerous benefits over silicon MOSFETs such as a small form factor, high efficiency and high performance.

According to industry feedback, GaN enables an interesting cost/performance ratio compared to silicon MOSFETs beyond 45W.

On the other hand, advances in silicon MOSFETSs' performance are still ongoing, with enhanced topologies like active clamp fly-back (ACF). In fact,
Xiaomi have silicon MOSFET fast-chargers that can reach 120W.

Another important criteria is thermal management. In the system as a whole, the GaN solution is likely to have lower losses.

GaN vs. Si fast chargers Samsung'’s 45W fast charger * Samsung’s 45W fast*

= B based on silicon charger based on GaN
% ik ® 52x53x30 mm 48x44x28 M
T Inhergie, 86 . Si . GaN Power density: 0.55 V\//Cm3 Power density;
2 14 g 0.76W/cm3
9 - Apple| 1939 EP-TA845 EP-T4510
ROl Samsung EP-TA845,120g
@
a | Aukey, 92 9 Lenovo, 127 g

08 Samsung EP-TA845, 120g =

 Lenovo, 939 ’ . . y : = Xiaomi's 120W fast

08yiaomi, 82 A 105 Xiaomi's 120W fast charger based on GaN

n 949 " svpower: Wog charger based on 56x56X28 MM
o Xiaomi, 100 g silicon ~ Power density:1.37 ™
02 @ 64X61x28 mMm - W/cm3 -
Power density: 1.1 -
0 W/cm3 MDY-12-ED
0 ¢e 50 cc 100 cc 150 cc 200 cc ~
Cased Volume (cc) ;
MDY-13-ET
« The bubble size represents the weight in grams of the cased charger. All devices have output
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TECHNICAL COMPARISON GAN VS SI SUPERJUCTION
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Dicing Cost Labor Cost

v Single chip vs Multi-chip

solutions

Die size (small vs large)

Labor Cost — Supply chain material cost,

Raw wafer (150 mm vs 200 clean room..)

mm vs 300 mm)

v' Material Cost/Consumable
Costs

v' Package Assembly Cost

Wafer Front

Processing
Cost (Yield, Rawy WUt

Cost

AN

Cost of Power :
Probe Test Discrete Packaging

Cost Device Cost

At Yole SystemPlus, we have tools to model and estimates all related manufacturing cost to near
market price.
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650 V Si Superjunction vs GaN

Total Wafer Cost Breakdown for GaN

650 V HEMT devices
BE : Probe
Test Cost BE : Probe

Cost
13% \ 0.2% Test Cost;

"'.w- ‘. “"‘" ‘
Yield losses_
' _ Cost; 4%
« Manufacturing Yield
Improvements.
Foundry (SI > 95%, GaN < 85 %) Equipment
Cost; 23%

Gross Profit - .
33.3% | » Vertical Integration could be Consumables

considered. Cost: 29%

Average Total Wafer Cost Breakdown

for 650V Superjunction MOSFET

BE : Dicing
Cost: 1% Raw Wafer
Cost (Si); 8%
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SAMSUNG POWER ADAPTERS - BOM COMPARISON
Samsung 45W Power Adapters (GaN vs Si solution)

Winning Team SFTN 7422SMP
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Bridge Rectifier Renesas IW9801-00 IC Rapid
120 Safety Capacitor 22?\;?(;]:?/ DC Flyback
(9] .
3 Samsung EP-T45]10 is more
S 100 compact than the EP-TA845 L a
. . Navitas 6014 GaN IC
% model with about 40% in the
@ 80 size.
© —— CapXon Capacitors
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Samsung 45W charger EP-T4510 vs EP-TA845 model

* For 45W, the Samsung charger EP-T4510 model uses more resistors, inductors and rectifiers elements than the EP-TA845 model.

BOM ltems Comparison
50 mSamsung EP-T4510 (Navitas IC) @ YOLE
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Samsung 45W charger EP-T4510 (using Navitas NV6014 GaNFast IC)

Component Category

Samsung EP-T4510 (Navitas IC)

ltems % of total Chip Set Cost

Power
Power
Power
IC

IC
Passive
Passive
Passive
Passive
Passive
Mechanics

Mechanics

 Theregulator IC components represents 20% of the

BOM Cost.

* Navitas GaN IC cost contribution is just 10.9% of the

total BOM Cost
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Navitas IC 1
Diode & Rectifier 12
Transistor

Analog/Regulator IC

IC Opto-electronics 1
Capacitors 29
Fuses 1
Inductors 6
Resistor + Varistor 44
Transformer 1
Various 1
PCB 1
Total 104

10.9% BOM Cost Breakdown
6.6% @ !OL_E

47% NEViEE@ Y, Diode & Rectifier;
50.2% 10.9% 6.6%

0.6% Various; 12.7% )
Transistor; 4.7%

14.6%

0.7% Transformer; 13.4%

81% Analog/Regul;
IC; 20.2%
1.0%
o Resistor +
13.4% Varistor;1.0%

12.7% ,
Capacitors; 14.6%

©.3% Fuses; 0.7%
IC Opto-electronics;...

100.0%

Diode & Rectifier m Transistor

m Analog/Regulator IC = |C Opto-electronics = Capacitors

= Navitas IC

® Inductors m Resistor + Varistor

® \Various m PCB

m Fuses
m Transformer
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BOM COST COMPARISON
Samsung 45W charger EP-TA845 (Power Integrations SC1710 IC)

Component Category ltems % of total Chip Set Cost .
Power Power Integrations IC 1 25.6% Samsung EP-TA845 (power Integ rations IC)
Power Diode & Rectifier 5 0.5% BOM Cost Breakdown
Power Transistor 4 6.9%
IC Analog/Regulator IC 2 12.4%
IC IC Opto-electronics 0 0.0% (
er N o)) YOLE
Passive Capacitors 28 10.7% . Integrations IC; ¢ TR
Various; 11.9% 25.6%
Passive Fuses 1 0.2%
Passive Inductors 2 9.4% Diode & Rectifier
Passive Resistor + Varistor 30 1.3% Transistor: 0.5%
Passive Transformer 1 12.0% 6.9%
Mechanics Various 1 11.9%
i i 3 |nductors;
Mechanics PCB 1 9.0% Remsto;;%/anstor, n ;Z;rs
Total 76 100.0% Capacitors; Analog/Regulator
10.7% IC; 12.4%
Fuses; 0.2%
. = Power Integrations IC Diode & Rectifier
+ Power Integrations SC1710 IC represents 25.6% of the :
9 P ? » Transistor m Analog/Regulator IC
BOM Cost. :

m Capacitors M Fuses

m |[nductors m Resistor + Varistor

m Transformer m Various

m PCB
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BOM COST COMPARISON @'c“gﬁ'p‘?a‘éﬂgé‘#
Samsung 45W charger EP-T4510 vs EP-TA845 model

« Although Samsung EP-TA845 model

uses less components, its total BOM BOM Cost Comparison of Samsung EP-T4510 & EP-TA845
cost is still higher than that of the M YOLE
Ep—TZI-S-lO mOdel $-|60 . @ System!DTJs
B Samsung EP-T4510 (Navitas IC)
«  The Power Integrations IC Si based $1.40 .
ICin EP-TA845 model cost more 7 4120 = Samsung EP-TA845 (Power Integrations IC)
than the Navitas GaN IC used in the S '
EP-T4510 model. y  $100
5 $0.80
5 $0.60
Q
S/ Solution § S g $0.40
O $0.20 I II I
$0.00 -—
9\0 -K\ Q \ 9 o& &, (0 o
K2 o 0}\(9 <O O C} &L N > Q
N Z A NG & > o) 0 & Q)
) Q‘ &( O ) @Q \O X O
Q ée \Q‘ ,\’O 'é’o &
{© o Q o
Q N O Q©
v

s GaN winning the cost challenge?
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For further cost savings on GaN adoptions in power devices, the following propositions are made:
o Yield improvements on wafer level.

o Transition to larger wafer size (200 mm)

o Design awareness for cost savings.

o Review of current business model towards vertical integration.

o More market adoption (in automotive, data centers) could reduce price of device in the markets.
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Thank you for your attention
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