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C�.�'���#"�2��
GaN Power Devices, Are We There Yet ?

7S72O&I1
Vacuum Power Devices Era

����E1?<>�
1957 Thyristor Was Invented

���72O&"�!N�6F%
Commercializing GaN Power Devices

1?<
SCR


��
	�;5.$"�
MOSFET and Beyond

#G729B�I1
Solid State Power Devices Era

2��01=6T@19B�
First Generation Semiconductor, Such as Si

1904 1940 1960 1980 20001950 1970 1990 2020 2030

E
Year

O&<6 0
Vacuum Tube

����6�M� C
IGBT Being Implemented

'8*9B�
WBG Semiconductor

���

����
#G1�<
Solid State Transistor
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%�L�C���'� !��-"
Now it’s the Best Time to Invest in GaN Power Devices

$��
Incubating

���
Forming

�"�
Growing

���
Maturing

� �
Decaying

����
Policy Driven

����
Application Driven


���
Market Driven

����
Economies of scale

����
Residual Value

%	&��
�
GaN Power Devices

�����

Best Time to Invest

�#
Time

�!
Volume
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�#����.�A��E"
Global Market Size of Power Devices

p IF:a7%X@.* (P8'/!2,AE0��6
p Power semiconductor device occupies at least 10% of the semiconductor market

p E���	3���0,2,7 ���9D"
p In 2015, the total market of GaN is 870 million USD

p ��)(�
6 (���
9D"
p EPC takes 19% = 160 million USD
p $;758='/!�,�� ���0,�.5��12�C
p Followed by NXP, GaN Systems, etc.

p =?%X* 2,7<3E0���9D"7J&eSNGAC1BH
p Global power semiconductor market worth at least 40 billion USD, GaN has great potential
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�"���5. �!)
Power Device Materials Comparison
5472 Material Property * Silicon +�* SiC-4H )�, GaN

 0.1 Band-gap (eV) ��� ��� ���


"9� Critical Field (1E+6V/cm) ��� � ���

9�&!8 Electron Mobility (cm2/V-Sec.) ���� ��� ����

9�(�'8 Electron Saturation Velocity (1E+6 cm/Sec.) �� �� ��

6��#3 Thermal Conductivity (W/cm2K) ��� ��
 ���

�%�$ Baliga Figure of Merit (FOM)=!"#$%& � �	� ����
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E aE�L��
Advantages of GaN

����
Physical Character

����
Material Character

����
Device Character

	
��
System Performance

.MO
Wide Bandgap

e�KJG
High Critical Field

e�PJ"
High Breakdown Voltage

PI�c[V%e"LG'
Suitable for High Voltage 
Applications

-)�UJID
2-Dimensional
Electron Gas (2DEG)

eJIFR�e_OH
High Electron 
Concentration, High 
Mobility

�0`WW
Low Turn-on Loss

<!QT>H
Boost System Efficiency

�bRJZ
Low Gate Charge

e6�dH� �6�WW
High Switching Frequency, 
Low Switching Loss

�NQT6N��<e�HLR
Reduce System Volume and 
Increase Power Density

BTJIFR�
Low Intrinsic Carrier 
Density

eVG8
High Temperature 
Capability

eVG8
High Temperature 
Capability

�N9#;4+L?GQT
Reduce or Eliminate Heat Sink
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�0 Attributes 4+�
Si substrate

5�4+�
SiC substrate

1�8+�
GaN substrate

'-�� Defect density (cm-2) 1E+9 5E+8 1E+3 to 1E+5

��
, Lattice mismatch (%) 17 3.5 0
3� 
Thermal conductivity (W/cm-k at 25 oC) 1.5 3.0~3.8 1.3

376$� Coefficients of thermal 
expansions (%) 54 25 0

�"� Off-state leakage high high low

�/0	*
 Reliability and yield low low high
���&��� Lateral or Vertical 
device lateral lateral lateral or 

vertical
.��)0 Integration possibility Very high Moderate -
+��� Substrate size (mm) (as of 
2012) 300 150 50

+��� Substrate cost (relative) Low high Very high

��%�.��
Basics of GaN Devices

Silicon	Substrate

AlN	Nucleation	Layer

GaN	Buffer	Layer

AlGaN
S DG

2DEG	Channel

#� Modes �2 Merits '2 Drawbacks �! Applications

��� D-Mode 5%��Q
/1,��"	
Simple structure and process flow, low cost

:-���� ',�-�-�36
Negative threshold, no good for power electronics 
applications

�C��(� ,)@�
RF/MMIC, Monolithic 

��� E-Mode &F
-�
Positive Threshold Voltage

5%��Q
/�#��";E�>$-�8/0�
A9*�.D�
Complicated structure and process, higher cost, narrow 
gate drive voltage, special driver needed

�C��+
RF/MMIC, Power 
Electronics

%(� Cascode
>4 B*�D���Q
/1,
No special gate drive circuitry, simple 
process flow for HEMT

<�-?�����2�=�!�����";E
High Rdson, transistor matching, Qrr and higher cost

�+
Power Electronics
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��8E�P�)�.
Normally-off GaN Devices

q P-GaN ��8�.
q P-GaN enhancement mode device
q �'C��8�.
q Recessed gate enhancement mode device
q +-8�.
q Cascode device
q TIG !�+-�.
q TI direct drive cascode device

��������	
Cascode GaN Matching
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�EC�N�'���%��
Global GaN Industry Map

���!G-
Incomplete Statistics



� "����
�.���	�������	���
�	��� A<T04#R;>I?EP=@+
GANPOWER CONFIDENTIAL DO NOT DISTRIBUTE

8)A'VGNAL#WC.%-O6
��0������!����������� �����1���

600V �����
Below 600V E-Mode

600V/650V ���
600V/650V E-mode

600V/650V 	
�
600V/650V Cascode

����
Monolithic

Company Part No. BVdss (V) Rdson (mΩ) Idmax (A) Qg (nC) Package Rdson*Qg
Panasonic PGA26E07BA 600V 56 26 5 DFN 280
Panasonic PGA26E19BA 600V 140 13 2 DFN 280

Transphorm TPH3208LD 650V 110 20 10 PQFN88 1100
Transphorm TPH3206LD 600V 150 17 6 PQFN88 900

GaN Systems GS66504B 650V 100 15 3 GaNpx 300
GaN Systems GS61004B 100V 15 45 6.2 GaNpx 93

EPC EPC2032 100V 4 48 12 No pack 48
EPC EPC2025 300V 120 6.3 1.8 No Pack 216
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+�O�"#�GB
���1�����������


�3��
Model 1

'"�
Si Substrate

��$#
Device Design

&�(��
GaN Epi

�!	 
Processing

4�����%�
1�
�����
Power device players 
without GaN epiIP

���2
Applications


�3��
Model 2


�3��
Model 3


�3��
Model 4

4�����%�
1�
�����
Power device players 
without GaN epiIP
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41�E�6�EIO
X-GaN Device from Panasonic

q P-GaN CGA"�
q P-GaN enhancement mode device

q �0<RB@?�9T)%WFG
q Novel structure design that reduces the current 

collapse issue

q �-�600V"�� =#2100VN+!8
q Only offers 600V device, since 100V may not be cost 

effective using this structure
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A.��O�AE0
eGaN Device from EPC

q #'"p-GaN �4�96
q Pioneer in P-GaN enhancement mode device

q �I4-CW><
q Novel package-less design

q 1)3<450V ���T!B� �CW;P)B
q Only offers 600V device, since high voltage devices pose 

a higher requirement for packaging
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Transphorm�"P�GG0
GaN Devices from Transphorm

q 9;C)%#�>�.O
q Cascode E-Mode solution

q 81�FEAEC-Q1014C6'?ATP�G#�
q World’s first AEC-Q101 automotive-qualified GaN

q 4+�600/650V#��!<A��9;�WR
q Only offers 600V device, since low voltage cascode is 

not economical
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GaN Systems 1�+58A)
GaN Devices from GaN Systems

q �#���
q E-Mode solution

q Island Technology�-IL!4A)
q Island Technology and unique packaging technology

q %�100V�600V�."�0
q Offers both 100V and 600V power transistors
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Navitas 6"T�L04
GaN Devices from Navitas

q ?1��WML=T�LC�+O�
q First monolithically integrated GaN+Driver IC

q EE�+�);<.%I�K>�=NC
q Greatly reduced the parasitic inductance and ringing

q A#9IGE'6-=D8A�
q Can Navitas satisfy the requirements for variety?
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R%H"8E�-9
�.�����1��.�����

R%H"8E�
GaN Power 

Devices

W!WG@�
Power 

Electronics

IIWG
Radio Frequency

.4);
Mobile Base 

Stations

 �JI-9
Other HF 

Applications

WT
Power Supplies

�GcE
Transportation

N>T
Clean Energy

6C<WT
Consumer 
Electronics

G�WT
Telecom Power

O#EWT
Data Center
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oru6t=F`#'c^

�������1���88���1������

Pg\Ym"h4zy".Bwo
EV"Autonomous Vehicle"LiDAR

nd-_
Wireless Charging

.Geq9=
PV Micro-inverters

MKCI
Data Center

%ul_\T_Tx4
UPS and Motor Drive

GL_\TO]>Mbs
SMPS and PFC

q EaNfi!u6t=Fp;c^?{vPIE<C; A#ta@s[r0+Jp`Zlc_AE<C
q At this moment, GaN is more suitable for high value added products. It will infiltrate the low cost consumer

electronics in the near future
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I!ICP�-.#�L
�.����
�9�����������1��

���
�	���
Power Electronics is Everywhere�

���������
���

Power Electronics Evolution is Driven by 

Power Devices
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L�B�O�0�R�R!�6A4=0
Requirements for GaN Used in Power Electronics

q �ACRD
q Low Rdson

q �%2)9
q Low switching loss

q ���E R<
q Low reverse recovery charge

q �C.R<
q Low gate charge

q "PG%2FO
q Achieve high switching frequency

q G8N'
q High temperature stability

q G�E'
q High reliability
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g;�8l<KPEi�wpjqmo
�1���������� ��	���!����
��2 ����2�

q ��o4#rT+100KHz, .B@N�61MHzAà clRMPu%Y�[l
High frequency switching (currently f=100KHz, 1MHz in the near future) à Greatly reduces the system volume and 
increases efficiency

q g;�8lvm�LGM8lmo#< 10KWA��
The applications of GaN devices should take-off from mid to low power applications (<10KW)

q --og;�sucttaOq`pbEmdq,                                                                                                      
Simply replacing the silicon devices with GaN is just not feasible

q E-modeg;�aOq�fp=E567V%)�NtaOq8620VEA%�~_q�9��
The gate voltage of E-mode GaN devices is between 5 to 7V, which is different from the 8 to 20V applied gate 
voltage with silicon devices

q g;�aOqo�4^©n(dv/dt)r�%ea�sEMI�i%{IC���s�kC
High dv/dt slew rate of GaN devices brings EMI radiation effect that makes it difficult to pass the standard 
qualification tests

q ��mo~h0yqTx��%NRMTx'qIn>\
High frequency applications require careful layout designs to minimize the parasitics
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VJuv��}@MS4qGP�
What Are the Voltage Ratings Needed?
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�/�/�0-12436���
���5
Number of MOSFET Parts on Sale in Digi-key

p RLP�e�S���C	)�� E	)��|©^jliE
qg{p@-

��E8L>p@TrEG��hA
�=nGP�ZC)��C)(��p@))����)(��`r
;V�+WobMq=nGPp@xz)

p For wide input range (80~260V), bus voltage becomes
370V after rectification and filtering from 260V input.
Considering voltage spikes on the drain, the breakdown
voltage requirement for power devices should exceed
600V. 600/650V rated power devices are thus most popular
in the market

p N�WpkMc��A<��tE<��V[Rs
jp@)G�w�dp�q�Sp@`���Y�	��O
u�9%A# !? E<�O�[�]n��o�69y~
N~mK.fy)�I�69yqp@�hf����O
T)

p Most power supplies require insulating primary and
secondary side, with DC voltage output at the secondary
side. Most laptop computers’ input voltage is either 19V or
12V (Surface), MOSFETs are usually used to replace
Schottky diode to reduce conduction loss and boost
efficiency. This secondary side MOSFET should be able to
sustain a breakdown voltage of less than 100V
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��#A-E��?!���
What Are the Voltage Ratings Needed?
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 "$6��#%��
Number of 600V NMOS Active in Digi-Key Arranged According to Current Ratings

��#%���Current Ratings (A)
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O�C�4"4R+G�
Challenges We Are Facing I

/.
Challenges

C+ 
Normally On

@:'T
Current 
Collapse

9NN'�A
No Avalanche 
Breakdown

RP#X�2
Parasitics @ High
Frequency 

G5
Cost

�O,
Reliability

a�3R�
Solution 1

BC
Cascode

!1VK
Increase
Margin

!1VK
Increase Margin

�3��IH
Optimize Device 
Design

UFD
Silicon
Substrate

(E�3
Optimize 
Process

a�3R�
Solution 2

	����
P-GaN

P� ��
���
Panasonic X-
GaN

N;L-
Active Clamp

�3Q2�JIH
Optimize Gate Drive 
Loop Design

"%$
Larger Wafer 
Size

&K�?
BC3R
Avoid
Cascode

a�3R�
Solution 3

�7
Recess-Gate


�� S1
RCD Absorption

�<MG
Monolithic
Integration of Gate 
Driver and HEMT

K�
0R
D�=
Mass
Production, 
Improve Yield

q EDRdv/dtA'�N#I?100V/nS2��E�RCg/CgdN��B)O�C"4<%@C6�PT
q High dv/dt (i.e. 100V/nS) and low Cg/Cgd ratio can lead to parasitic turn-on and lead to immediate transistor damage
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 2)�!5�"��		
Challenges We Are Facing II

=;
Challenges

(`D@�\Z�r
K
Packaging Materials 
Cannot Sustain High 
Temperature

HC��EUS�
dm'i7\ G
No Body-Diode
Resulting Poor 3rd

Quadrant Performance

e6��
lI
L:PQ0<
Ultra Fast Slew 
Rate Causes EMI 
Issues

Y*�hrp!a?
Jq�^M
No HF Driver Chip for 
Synchronized Rectifier

Y*erpQ^D@
�XWov>2
Lack Ultra High 
Frequency Core Materials 
and Skin Effect

a3BF�
Solution 1

nt(`
Ceramic Packaging

1[68%�EU
Add A Fast Recovery 
Diode

�&gC+_
Use Better 
Radiation 
Shielding

].cbs�
Design by Yourself

�iR5 �#
Use Air-Core 
Transformer

a3BF�
Solution 2

k,(`
Metal Packaging

1[���
�	�uN
$�EU
Add A Fast Recovery 
GaN/SiC Schottky

�if31
Use Soft
Switching

�iuN$U
Use Schottky Diode

�iAQ7D@
Use New Core Materials

a3BF�
Solution 3

2�(`D@
Other Packaging 
Materials

�iV[#�
Use Cascode Devices

�iSj31U
Use Devices with 
Lower Slew Rate

TNA�"�/
Wait for the New Chip
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XQ0Y'6�"G6M
Introduction to GaNPower

"G8?2�J�DBCX#G.�W�-
GaNPower Vision: A global player in the field of GaN power devices

"G�I2TA!IECQF4HZ<GV9
GaNPower Mission:  Helping highly efficient clean energy conversion

"G� 2LO��S�OW
GaNPower Value: United, Positive, Hard-working

"GP�2NL=+K� W�P
GaNPower Position: Vertically integrated value provider
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p �EW.YD'M8�]_6U��R,+aPdc�rT]_6UC�RaPW"BC6�H0 �
&WL;\��
Novel integrated business model (system applications + power semiconductor IC chips) to create synergy between 
electronics systems and components and to maximize the key value of the company

p 	q
\�2AZN�?�lUFG-#dc�&M8�k�50W�[7%eU
Fabless semiconductor design house to avoid hefty process development costs compared to some leading 
competitors

p gf�]_dc�&M8�93H�:=WdcS/�h�<i>nWXW
Asset light design house model for power electronics systems that provides most flexible design environment and 
potential for quick growth

p s2M8������R,+$p�aP�� ����K
]_6U�
Revenue Model: B2B(power devices and driver IC) + B2C (some of the system applications

]_6Um+
Systems Sales

!3�,+m+
Components Sales

4�V1@
Industrial Customers

Oe`
Consumers

E#���!� �
The Business + Revenue Model


2BJ
Patents & 
Technology

o��
Value Added

^b�j
Assembly & Manufacturing

*QI�
Brands & 
Services
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GaNPower’s Sapphire Based GaN Power Devices

S?)@.AG50*)+R6/��1 *
(�1&6>
��:��=! *��8%�38�

First Generation GaN HEMT: BV=480V, Ron,sp=12mΩ*cm2

S?) ,7"=$��5�5"2$7:�

S')���1@.AG50*�F273=34V; +R
6/��1 *(��1&6>��:��=! * 	8%�38�

Third Generation GaN HEMT (Innovative Crystal Lattice
Design): BV=850V, Ron,sp=3mΩ*cm2

GaNPower

S') 067"4��5�5"2$7:�

SB)���1@.AG50*�1TV; ) +R6/
��1 *
��1&6>��:��=! *
8%�38�

Second Generation GaN HEMT (Standard Design): BV=700V,
Ron,sp=4mΩ*cm2

Drain Voltage (volts)
0.0 0.1 0.2 0.3 0.4 0.5

D
ra

in
 C

ur
re

nt
 (m

A)

0

20

40

60

80

100
VGS = - 6 V
VGS = - 5 V
VGS = - 4 V
VGS = - 3 V
VGS = - 2 V
VGS = - 1 V

SB) �53:�4��5�5"2$7:�
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GaNPower’s Silicon Based GaN Power Devices

p I3D.C*6
p Success on first tape-out 

p � 1��
���
6O!2�C�
�<3
p Includes power devices from 10A to 30A and driver ICs

p $9A=?>���+���������,� ��
� .0-�
p Multiple packaging designs, including TO220, iGaN-LGA, etc.

p E;"B	&8%,#L3
p Real photo of GaNPower Wafer 

p E;,#T0@L3
p Wafer level testing photo

p G37�AN(16I
p Very low off-state leakage
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GaNPower’s Silicon Based GaN Power Devices Applications

Waveforms of the LCLC resonant converter at 400V input, 
10V/2A output

CH1: Low Side Vds
CH2: Low Side Vgs
CH3: Parallel Resonant Current
Label a: specific point when Vds is 400V
Label b: specific point when Vds is decreasing to 0V
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GaNPower’s Patent for Electric Vehicle Charging 

p 
�?��1%�0&���	���A5#�
��A5��@�A�.��0�&3487'
+

p Being a vertically integrated innovative semiconductor
company, GaNPower offers novel system design
solutions based on GaNPower’s GaN HEMT devices

p A5-C0��!*�����!*���#>3
4:"$.�#>�.� �(6
�S;/,
0	2�<=

p GaNPower’s Patented SCC technology will greatly
increase DC/DC converter efficiency and significantly
reduce on-board power adapter size and weight
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GaNPower’s EV On-board DC/DC Converter Solution

30V;
Current Design

*@>2,,V;
Reported Design

F9�D2V;
GaNPower’s Design

 $
"7 Size / Volume 1.8 Litre 1.3 Litre 0.7 Litre
10#& Power Density 0.7 - 1.1 kW / L 1.5 kW / L 3 - 4 kW / L

BCWeight �"752A Proportional to volume
+0 Efficiency 94 - 95% 95 - 96% 97%
%-/&:�

Operating Temp Range -45 - 105 -45 - 105 -45 - 105

6'?&
Transient Speed

55 Same 55 Same 55 Same

4E( Reliability 55 Same 55 Same 55 Same
8�( Durability 55 Same 55 Same 55 Same
106�
)-

Power Devices�Cost
MOSFET

Large inductor
GaN

8,400uF cap
With GaN
500uF cap

p =����������4.� =��
��	�4.��31����!9
p Input: 240 – 430V DC, Output: 9 – 16V DC, 2000W, 150A max
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GaNPower’s EV On-board Charger Solution

83BA
Current Design

.HD70�BA
Reported Design

O>!LE1
GaNPower’s Design I

O>!LF1
GaNPower’s Design II

#'�%V Size / 
Volume 3.2 Litre 2.2 Litre 1.2 Litre 0.6 - 0.8 Litre

45&) Power 
Density 1 kW / L 1.5 kW / L 2.5 - 3 kW / L 4 - 5.5 kW / L

JKWeight �%V:5I Proportional to volume
/5 Efficiency 92%-94% 95.7% 96.5% 98%
(04)? 

Operating Temp Range -45 - 105 -45 - 105 -45 - 105 -45 - 105

;+G)
Transient Speed

�M@*G No need to be fast

�N, Reliability :8 Same :8 Same :8 Same :8 Same
=,, Durability :8 Same :8 Same :8 Same :8 Same
45�.�-2

Power Devices�Cost Large inductor 500V/200uF cap ($56) 500V / 12uF cap ($8) 500V / 12uF cap ($8)

p C1��	��
	�-3� C2���������93
���66
��$"
p Input: 85 – 265V AC, Output: 240 – 430V DC, 3300W, 14A 
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Adapter Products Using GaN (Application Solutions Only)
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Our Office in ShenZhen
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230-3410 LOUGHEED HWY VANCOUVER, BC, V5M 2A4 CANADALGA

1.604.295.8321

information@iganpower.com

Contact us:


